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Materials and Properties iLaix^ J»>-i1 

Reinforced Concrete ^ -* ; 1*1 

HU*>J J*aJ o 1 - t** at 5 - 31 - 6* a ^ UJ Oj^ 

^ ^ti^ Vj gr* y*-^ *J^O* ttHttfl f% ^ ^ ^ J 

. fcki J) --J* l~<»x>^^ Jjji' $ Ua*** 1 * 

Concrete <3U.jaJi 2.1 

u ^ ^ jjl . .-iu.hV> j t> d 

Cement i^Wfl 1.2.1 
^ s^ji *t i«j <> ( adhesive ) ^ iiU .^i— VI 

. J^usli y> ^jM* lh*»J^ fe^f < hydration) 

^^JSS ^-jUj ( C3S) ^ta* ^ cK^j ( C2S) f gr^ 

.(C4AF) ^j*-J^ ^ -» < 03 A > 
^ji » 3 j „m j ijj— —i c^i^^^ jc oYj>- C2S » C3S o 1 ^-^ 1 
C2S Ui . u-J^Vi ^-*jV» t^uVi i jM ^ V>h C3S 



^jli-fl x-0*C3A i > Ji j& 6 U-aiC4AF » C3A UJ 



-VI 



Ordinary porlland cement 

Rapid hardening Portland 

cement 
Low heat Cement 
Sulphate resisting Portland 
Cement 

Modified Portland Cement J*-» 

( Concrete Technology ) 

^ Hi ^ l & <75%> ^ ^? ** 

«i> (4) pSj if » ' r* **** ^ ^ 
(4) Ji^ j» >tf «?* * »** U ^ JSl^W * a ^ 

. (2400Jtgym 5 } j>>^ uses 

^ j — • £ » — ■* * 3 z*+* ■ ^ 



Compresive S trength lAjJartl 1-3.1 

^ j-j ( 300* 150 mm) jUJ *S 
; ( 150 mm) U-Uh. ( 28 ) ^ <H 

(0.83) j { 200mm) ( / C J $> <0.S) 

. (150 nun) ^L^^J 1 

.(Mpa) 2 pi-/^(2S) J (20) #M ^V^^ 

Stress - Strain Curw J l»ifrl - jUattl 23. 1, 

&$U-~ >U UtLiMll - «^ t-^iiO-O ^ * ***** 

.(3-0 Mpa) ^j^CA') 3 -^ 




/ t : - 30M/M kjfc 



U+UjU- ^-5 U->1 J AO* US. ^ ^ s^Bl j-— * Uu^ 
^ CJ S^ J—iJ >.Y J — — (0.002) JUill ^ 

.(0.004) J (0.003) 
MndBbMflf Elasticity ^*»J J*U*33-1 

j >l J* l*i ^>3 *-jGU Lifeft* duuv» - jW>m 

<jJL-J J- jj-i, ( Initial tangent modulus ) JjV u-LaSi J-l— -I 

^ J_--! jl ^U3 Jfe.tfjL-j-: (Secant modulus) ^liPJ^- ^ ^ 

(/;) 1^ (50%) ^ (25%} ^ - A^j 

^jSJ [E c ) 4 ^ ^^uai 4$^ 

£ c =»v ,j (o.o43k/7; 

. rJj (28) ^->S 

. *JU>*J - it 

-: -.^y jjS* iij^Jl lW~ $1 ( 2300Jfey /w 3 ) jU « : ' i 
E c =4700j/1 - &*j 

Tensile Strength ^ 

— : Ua jjjL jjU A_«jli* w.-»." t i 1 ^ 
^ , ^ti 5 ;JT s i-.uJ T -? { Split - Cylinder lest ) jgjiEg 1 
^n , ^ ^ jJA «>A£ »i* « < Brazilian test ) J^j^ 

un -a 3^_£U ^ > ( 15O*300mm.) V-^ 41 



Jci ~xLD 



SU^ ^ ^ ^ * ^ t** 1 * 5i 

/ m _PL 

. ^ ^ aoJftj ooia W (/r) ^ ^ ^ 
yhpar Strength ,^M^i^5j J, 

, d** ^ & u ^ 



Crw y Ox 1.4,1 
Shrinka ge i fl-«saft 2.4.1 

^ pas- j^^j **Ms m M w& f* j 

i_.jl.jll tiMJi ij5>» o*«><^ 'JSP ^J* 1 

. j^jii a_j_ *** fcAJ oM» c- u»-«" V- 11 
Tgm peratnrr Changes » J —J <a >i <— < i*5 3.4.1 

j ; j _ jfc _ • <*a-a» ck^sj 

... . j j.> ____j> ^ s *s _a ^ e*-«* 

.(1 x l<r S m/ n ./r°> J! ^j'— ^jU «-» *»*• 

Kpinforcine Steel JjJ* 5J. 

j_, *i. ^ A- 1 "-"' U > J* 

.l<j--j-JL^a-.-,-fr^ 



n 
i 

a 



(200000 Mpa) JlijA 29x10" psi) > J* 

fv&a point) ^y^M^^^ 

^ ^.i^ o& m ( E *) ^^^^ j Jj£ ^ j 

( .200000 Kfpa ) ^ jL*> 
-0 y M (Yield strength) ^ UJU ^ ^ Yield point) 

js ^ij tm* m? **# ^ ^ ^ - (A) >JW 

j_ ^ ^ • ( Strai * hardening) >'» 
^ (21) JLtfj JiiSCu^ J JJ JjJ* W U^c*^ ^ 




j <J£ tj* 



(2.!) J*^ 



, ( 0.0035) ♦ J*- J-ii ^ ^ 

( 50mm) J (6mm) 6- c J> ^ ^ i^^-^t^ 

(I) ^ fcn&l ( 50mm)_, ( 40 mm) >tf J Uk. 

^j^yi cJ^jl . <*>J ^ ^ Mi jj^i **UJ &a ^ 



Analysis and Design Methods j J^J\ 

. J* ^j- U ' ^ ^ ^ 

*v w# *u$ri j*.Sr tS-s f**- 331 N |Sfe ^ ^ 1 u 

tfUL^ti ^ JR j W^W* $ ^ ^* 

plj-J JJU • c>>W^^ I*-*** d 
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Analysis Mpthods ^ . < b 3.-2 



slo « Mhcto ) Jt>a» - defonnalion OKfhod) 

g*. J. W*i (L— «o* -«hcd)dN« < Method 

(Moment dismbuticn method) f j>J eOr *V> W= A> 

. a^i dtiJ > 4 ^ ^ -» "** ^ ^ 

Port*.) ^ajJV.fc^J-'JW^^^-*" 

. ( Cantilever Method) W t%>»J (Method 

L , , J-Jt) Sj a s U. U — *> **> 

^cement or, ) W jSfl lijjl»j(Fotce or Flexibility Method) 

(stillness method 

cjk d^* W* ^JJ^ 1 ^ J— *• **** * 

Structural ) ^1 JJ^H gAjl (SAP) > 4» W ^ > 
(STAADai) ^ < Ana, > sis Prr>granl 

^,31 gj jJ j>. U jt/Struetutal Analysis And Design in 3- dimensions, 



An- rftrffidcnt Method *fl dU**KjJ*4,l 

M U =CW U L„ 2 b 

(1.2) J^J J (3.2) dj*J c> ^ f&j lU« - C 

^ ^ fejz m-jt-Mm-^^ ^ J> " l « 

^ = C L n - & 2) 

(1.2) j (3.2) J>*i>^ J^^J ^ J-U- - C 
. ^jjjuB ^ W W u J 



jUJl tiifrl. rtill - 1 

W u L n 2 /ll Wfl cJZ m 

an ™ 

L„ 2 / 16 «^*tj-tf -v 

(3 in ) & ^ ^J^* 1 

a^*H JJ ^J#W £>*^ W 4u5 c^ 1 -^jJ*j ^U«JJ-2 

2 

frtf*™ 4^41 ^ I*"*?** 



S V* jut 



24 



11 



1 

14 
H 



10 



u 



i 

16 



2 

u 




J_ 

14 
16 



II 
14 
14 



1*1 





T 

J_ 
16 



ri 





>1 s 


s 


11 pi 12 


16 


5 PI 5 








J 








L 



n 



115 
2 



ft 



t^hj 'fjgM uU JjSH c£UU- (1.2) J^i 



Tlesign Methods ,1^5.2 

U* 4JU jiJt oLllJI ^trifll Ai* 

Working Stress Method « *H n ^U'n >ia 1 5,7, 
i^jij d&J ^ ,x^j ^ jy-i* w ^ .i» 

t i > : v^l ^al*J Ul . 45U>1J ^j-SS $| (45%) ^ (f c - 0.45/; ) 

g^jj j-^JJj (/, =300JMPfl)o— : -»-^( / 5 w 140 Wiw) ^ 
j .J ^ LiiJi jV >.Vi ^f.> < Working stresses) 

. ( LiUJ ^k- A»U J^Vl ^ ) Jb^l 

UL Ml (2) c^> j 1 fiPj (2-2 2 ) »*M%€*»** 

.teiJ ^ sl^i juJi'i ^ ju^ 

WMN* **** ^W" 1 8* ^ J * 

Strength Method i^ fi** ife 2.5J 

u -;-, ; J Uull o^JA i> ^ & *^>* 

^3L.L_^ iMfi jffc ^ ^ J t"**" U 

( t^Jj > ) <# l *« •X** 1 ** & ( ^ ** ^ 
^ f -. ai^pu V*^ ^ ■ Wl'--^ £^ r*-i (JJ*^ ^ <il ^ Ay** 3 



u»fft ^iui Serviceability' k*ZL* h.7 

— u d£fi ,4, a f UiV5fi V^*- r< y«i-J> tfjSSi (j-isij 
. tip* jU« «i uw ^jftj -i (Dcfleclioa ) <J&M 1 

. -Wi ±Ai J\ \Ji aiiLSl J* s>*ji w - : ( Cracks) ^^iLSii -2 



Working Stress Method JjWM **** ^> 

i cos ^ j& i MM* ^*mw* 

^JJIC^ **i - P IK < Alternate Method) *tf 

BehayiQja-filBEMorr^ ronrrrtc Beams 



^ : m&* * ^ ^ J ; 

^(Wormed section) ^ > J^-> ^ U -« 



. L2 *ji«J ■ til ijS J 
p^S a*iUl akyi ^ JL»Vl iijj ^ *Mfl h& Ci J^i\ *3* n 3.2.3 

. **** j-^j {fc > $Jt) 

Analysis of R-C beam befo re cracking — 

Transformed or equivalent ) lSj-^-H J b 31 - 5 ^ ftf-J^t^ ^A^iJL-jO 
<iL— jiJlj j^tj itflUa J ^ J lf^ Jo* 38 J { section 

4_a&Jt 5jU->J UdjS ^ ij» tf jU W UJ JJ 1^ M* ^ jLa- 



A-5 



»wS 



■(13) 



modular ratio |§J|*t lU^* ~ fl ^ 

. JuAaJ ^ jl— -lit U->JI JUW * % 



u jgs&s 



:. A, = nA s > , (2.3) 



k 



a 





(1.3) ^ 

^s.wb ^uavij cjj^> tij^j ■Jj* ji ^ aai 



-; jJjUS J ^ fcU " J M O^-Si 

. <J>^ gUJ i^U— 

a oWj tap U ^J ^ 

^^J^^ ~4M> 

. jj-m P > - 1 ^^(j^^-y 



I 



fs = » 



(N.A) *n*X U-jillljUil *u - v, 

f>l JLcbl flLlA Jja. ^ f > -li (N.A) Jj*aM jjp- ^> 

h 



» = * - 



I = — — + 



—. ^ US ji^4 J^-^i f> W 



12 



2 +(n-lH^ 2 



J** uij*) j^iu j^, ^A^V" <> J>*^ (5.3) ctf i*J ^ ^ a* 

Cracking Moment , sLaB »> juj 43 

«r»lunJt Jit 



{f r \ _hS» J-U- Ji 31 jU- ^ (43) *H*-M o 5 ^' f> 

-: ( 9.5.2.3 s ji» ) «**•*■> ^jWs^j 

^ VjU- Jiiii f > ^ j * J"* ***** U -M * ' W 

w _ - (6.3) 



c; i jjg , .m. ^ (600*300 mm ) ^> MM* ;M 



^ = 300* 600 + (S- 1X3200) = 202400mm 2 
202400 y ( = 300 * 600 x 300 + 7 x 3200 x 500 
;. y, = 322 mm 

Vk = 600 - 322 = 278 mm y s = 278 - 100 = 1 78 mm 



300mm 




/ » + 300 x 600 x 22 3 +3200x7x17^ = 6197xl0 6 »ua 4 
12 

W„=iE-« xlO =69.1 KNm 

. My, 33.9xl0 6 x322 2,w » 

I 6197x10* 

m 6 



^ US ^ cJj^M Li* ^USI >iauU- 

/ T = 140M/AJ u»± fy = 350 Mpa j f y = 3(K»Mpa I ^ 

= 170Mjw Jti f, = 4GOMpo Mto 

= 200(100 J^Jl -: j*i -l-U Dj^-JI J-WJ U^Sb U 

E c - 4700^/ST ^fe* >J3 

. Lis juikil lj.L.>-vj j£| jji J ^j^j jiE <jU >jI Cjtiu 



Internal couple me t 1 1 a J g,»a >J ,» jrf *M Ja ~ : . Jjfrl *LjJa> 

-: {3.3 ^»V) 4J 

C=T 

aa/c bkd = aj s .{7.3) 

Ad d-kd 

fc _ fs ._fs =J ,/c 

E s (d-kd) *'d-tet kd 

j ulsJI J-tf- - kd i titWtfiCI 0^ *N " " d A** 

£'^m - < 8 - 3 > 

0» m~ U jS 0jS24 <7.3) UjUJI ^ o^J-i fS f c W% f, *3 (8.3) *UJI $• 

-: ^LSj (k) jUy> SijU- ^ 

C =T 

O.Sf c b kd = A s f s 6 • 0.5/ c A = p> 



* = -llpn+ipn? - pn -..(9 J) ji^j 




(3J) J£*s 



M = C(Jd) = 0.5/ e fc M/J - ; ^jU, ^iiij jujI 

.:M = G.$f c kJbd 1 „ _(|0.3) 

W =» T(Jd) = A s f s Jd. ....... 6 „ ([ 1.3) 

^U^) lh-j-l jtiji^cj^ f >ji ^ ^ t ^buj 

^jU uj^JI ^ 4LkJi <> ^jj j ^ C ^ji jt^yi tf 

-« ljU ^WY» ^ v jUmRj L r >J Lose 

/C = "J ( 10.3} ,> lilLJajYI tiU^k 

kj bd^ 



^ 5 * Xjtf ^ 13 ^ ***** ^ 

. ,> ^Ij Obi***! *J 

Transformed Section Method J *M*a ^ A - jqj&i ^ 

tiM 0** ftPl (N.A) Jj^Ji jij- ^i^yk ^ 

. (4.3) J££» Ji^V AiL- >J ^ 




(4.3) J*-* 



4 = «d 5 n-E s /E e Ji {23) <LU- l > 

- k J* J-»aJ I+Llj Aijjii ,> M CJjSS Sife { N.A) Jja- 

-: L£ j ^ aUisYL (k) Mt-al ibW jtikil ^ 



-pnbJ(d-kd)**0 



pn(\-k) = 



k 2 - 2pn -2pnk-0 

k - ^2pn+(pn) 2 - pn —. jj^&i 



3 



M kd 
I 



+ rtA s (d-kd) 



(12.3) 



z^temtm . .03.3, 

u^j-ii £ (12.3) *JJ*Jt j> (MJ *j c J*** 11 J) J-" 1 >J ^ J W J 

J-S l-wjj(113} <bU. & (M) -4 >**J\ JaJl J) J-* ^aJ.\ CJiW 



« b = 300 ram jg <>1. -4 ijiL. > ^ku (5.3) J£JM _-^jL3_ Jj* 

K-ij^ J-U. » As =- 1 500 mm' ^»aJl **U* 1 d = 500 mm JUW 

^ jl ^1 — 1 f' ^j—c (jl—i B v iiL-jill <£J%».1 <n -8 

70KN.m 



-: (5.3) JLUI £>> jJ f >H ^yJa J ji\ *kjU 



2pn + (/jn) -/jm 



1500 



300 x 500 

fin = 0.08 a * = ^2x.08+(0.08) 2 - 0.08 = 0. 328 
kd = 0.328x500= 164mm 



= 001 



300 sum 





1 * 


kd 

} -\ 




J 1 

\ 


//# 


I 






d-kd / 

- LL- 





n 



(5.3) Ji-i 

(2.3) JiJJ 



Jd - 445mm 

f JM 2*70*10 6 _^s3Mpa 

KJbd 1 328* 0.89 x 300 x5O0 2 

U 70*10* - ir atfe 
J * ^Jrf 1500x445 

Jj^Jl fiiJJ <ii>»-: Mil* AJi^ 31 

300xl64^ + 8xl50(>x(500 ^j 6 4 ) 2 =17 95 xl o« ffl m 4 

a , • • ' x ■ -I '-^ 

_^_ 70xl0 6 xL64 _^ ^ rrt 
Jc 1 1795 x|0 6 jLXLMiAil 

, md-kd\ 8*70»io 6 (SOQ-i64) _ 1Ajl aUr , 
Js = n m - n — ~7 / 

d - 400 mm .b=250mm (63 J^)^ V- ^ " : 

£=l40Mpa . 12Mpa-: ^ l^c^ ^^ 



1000 



™ 250x400 
* = 0.328 



= .0L 



1^ JJU> J ^ 



•loo 



H 




kd 



d-kd 



(3.3) JUJ ^L.>« ^ijuft 



M = ^-bkdJd 



2 x.328x .89 x ](T 6 - 70KW.m 



2 2 

-: (jti 4j II Jail J-au JjisJ ijlj^l (} LU> jJ lit 

.'. A/ = ^ y</ = ] 000x 1 40* .89 x 400 = 49.8 x I0 6 Njn = 49.8KN/H 
M = 49.fiO/>i iiLJi^jJl 

—J {J* -; Jjamll jJaJi ~- ^jjjWil 

A: - 0.328 faf = l31mm J = 0.89 Jtf = 356m>Ji 
.', / - - 1 * +8000(400-131)* - 766 23* 10 6 m>ji 4 

J 

J&.J )2x766 23xI0 6 „, < 
kd 131 

LJ I40x766.23*10 6 



M 



n(d~kd) 8(400-131) 
.*. M = 49.BKNM 



= 49.8* |0 6 .V« = 49 MMm 



Design of K.C Kectaiigular Beams 



4il_ui jiJlj ' j<«.U ^jj j|_j5b-1 f m ntH jwjj - i^^U* JaL^Jl fjjJIj l*f 

6j j-i- ILaJI i ) JaJ^ 0' W* i^J jl^lf! Jl J3L^J 

(4.3 OljWVt m-IS ii^ ( fc) Jl^ 
fc _ fs'n rijU 

r _ "0-*> r= A 
r/f = /i{l-&) = n-nk 

:.k — — „ ...(143) 

n+r 

M = 0,5 f e KJbd 2 (10.3) r iKU ^ 

K = 0.S/ c tf./ - : ^ u >jUj 
A/ ^ Rbd » , , — -.(15.3) jU 

■ V« 

(j^jxj LjLu jIj^S"' aaJ ,. j>Sj J 3 



% d—a. y& g5U *U^! ^> ri l2il (7.3) ^ ^ V** ^ : ili!^ 
/y = 300Af/?o » fb-25Mpa ^ 24KN /m *Jj-i* pJsi-Li j_ 

6 = 250mm 

f c =0,45^25 = 11 ISMpa -=Js* 

/j-MOW/w /br Jy = 3Q0Mpa 

E c = 4700^25 = 23500 M/w w = £ 5 /E c =8.51 

v jSi ^ mj£ j^l* v-* ( n ) M a m 9 
-: Ji Ajk 600 mm - yj&ft J u^J* 5 Spjl Cu> J Wy 
f*' 6 =0,6x0,25x24 = %.6KN/m 
= 4KN/m 



t , WLr 28 *6 2 

AY - ■ -\2bKNjn 

8 8 

* = — = ^—-0.42 y»l-i = 086 

n + r 9| 140 3 

11 25 



24 KN/m T 

mmnnD 



570 mm 



6 m 




(7.3) 

(4 3) J^Ji liuli J^lis 



R = 0.5x1 1.25 kJ=2m 
M = Rhd 2 m 2J03bd 2 

M* b 62.07 x ] 

2.03 

b = 250mm :. d = 498fl?w Jd = 428mm 

M I26*10 6 „.„ 2 

A, = = 2l02mm z 

s f s Jd 140x428 

j\ LjU« &/0t a* jjij A,k. =■ 707 mm 1 Aj* (#>30>) fjii-' 
707 

■ {3^30) □t f Jii i aiU 



A — flf +— +#L + 4G 

2 * 

A = 498+15+10+40 = 563™ri 



(7.3) JkSN J* j-Wi y^ott 



500 mm 




* # 




4^30 



}O0mni 




2 m 



2 ui 



2 m 




65 mm 



250 mm 



. (2.3) J>il j* t-kf-J-Jk f ^JbiJS ^ Ulfr 




600 trail 



mm 



200 rrjii 



200 mm 



L 

100 mm 



2i>0 n.nri 



4^30 



20Q mm 



U ..A \ ^-v f L-S til ^--kUi fcL— lAbl**! a*. 53 



150 mm 



40Q mm 




400 



m • • • 



v?i mm 



W=20 KNM 




■jj!_U»H frUiJVl J 

Flcxural Analysis and Design of Beams 

JLuL> 1.4 

j^i ^ijI^j *l > ^ijVi M->" "Sfe* i*N ^ 

, 2.1... I I 5^JU- >3> CJ<5«H f#*^3j t)jM 

Strength Method L.tfJ 2.4 

Ui-» ^ % $A vj-^ .i *-^ ^ 

. ( safety laclors) d-Vi ^5U« *-fi 

^ t (parabola) 'J*±* J* v£i ^ Cw-W 

U*H ^ ^ui LU ^ J-^V» ( service loads ) V**J* iJ-^M 

, U jjfcj cjjS J^l j *^ j 4pJ J-»V^ 

^ a_^aa jL^Vt : (Factored loads) ( ) <V*Vt -*? 

, i^Uu V 1 ^ 1 iJ-* 1 " 
jjjl «-j : (Design forces and moments) f jj- J J J J* 9 ~— * 



(Factored Forces and Moments) *l*UJi 
L-fc jijy J II >j ^ 4*jtfJl j = (Required strength ) ^jjk*ll UJId -—a 

. JUjUJ ji 3p$f (Mu) 
t>t_J ^ ^j j — ^ (r J a *A\ Im JjL i (Nominal strength) V - j 

^IsK 0—* u iB >- 3 *u e^ -11 i^ 3 * v** ^ ^M^J VjUJ 

^ ; UoUfei pi ^ ^ lni.lt Uyi* j : (Design strength) S^jlUv - j 

^. aa-l^j J$ 3-*jUUM vj*^ dM^ <fJ****J J J*^ 1 

^ uqjEJ j ^^Jl CjLjIL, ^Sbf Jl Ijfcjj tj^ii J*U* 

Basic Assumptions £ij Jail ij^^Sn jifl 

. (N.A) «ija=Jl jy^ MgM uj^ 1 ^YUisVI J ^ 

. (2.1) (f y ) £ is* HJ*y J WJ " 6 

y Factors dU^ 3-4 



- JL-Vl J-^-l 

. f * M aK ^ .uk-i U Sjeik* Ju^V* £ijS -2 

■_ &b ~* ^ ^2 j ^ aiwH -7 

Load Factors lU^JI ^U*^ 1.3.4 
E/ = L2D + 1.6L...„ _.j(1.4) 



1 * I T.^*. 



^ ( i4 ek^i. jl^Ij (R) >Jn»j (S) ^ <W) m 

t/ = 1.2D+1.6(L r orS«Jr/?) + (l,Oi.orO.*IP) - (2.4) 

U=12D+\6W +1.0 1 +0.5 (J* orSwR) -^0® 

^j(10%) J-* ^ '>* ^ ^ °^ ^ " ^ 

17=0.90 + 1.6^ (4 4) 

gtrrprth q.«wrinn Factors i^,^^ 23.4 

^ ^ «iM ^ j*-* a N# M* 



r 

stri. SS iiri t iSt r^»l>i^ril>iition JAW i ****** M i t 3 M 

jua^i -jUtfi $m dtj ^ s#M ^ l 



^ i^i a, gup** > tjjjd ^ <i ^ i*-" ^ 

C = fen.be * * (5.4) 



C = a/^c... (6 4) 

^ ^ ^ ^ -/? ^ (A) ljUl $ 

m& *»*3 (7Mpa) J&l (0.04) $ * 30M/W ^ a = 0.T2 

(ff ^ 0.56) U5-*i J2V 1 



€ u = 0.003 




T 



C^rfcte c 

* 1. 




(1.4 ) *i 




WL«J (7 Mpa) J-Sl (0.025) u-^j fc * 30M/W ^ = 0.425 

. (/? = 0J25) W J»S J i> ^J 4 * 

slU cj3 i ^ 4§r& m^4 *N ^ ^ 

^jjj juiMj M : jS i& #1 ^ «H (Whitney) 0* Cm 

C^afab^yftah.... (M) 

# 



2 



<t = 2/Je 



^c=2/3c 

A«2* ^ 



y (g,4 ) ibi*- ,> 



: a ti (7.4) *U~lt ^ o^iyAUj 

.'. y si ^j/j^^ r.. ..-^ » (10.4) 

y = ~ ' 85 ' --41 1.4) jj&tip^j 

(IMpa) uhj # (0.05) M ^jffl J2j /fc < 30Mfti ^ A = 85 

: J (0.65) t> Ve-^ Y J ,>> 5JU>J 
# = 85 - 0.05C/2 - 30) /7 0.65 £ < 0.85 ». (12 4) 

Alj^j </1 x^Jl t jmm* U ^ ^JJffl Jj* ^jti*» ^ 

>JI f Ajl J (Tensioti failure) jJJI J^a (£,) £ j^ifl ^} J] 

j-J j (Compression failure) JJi-*tf l jW! J! &*4J 

(0 004) j (0,003) o*-* u c^-A J*** * ^ Mjfe^ «> *j 

a , -i .^ ii r y Ak> ^iiU- (^ « 0.003 ) ^fyl jLS*1 ^ jIj 

. (Balanced Failure) ojl >lJJ d^L £ ^ ^ 

^_ jUuj ^Jffifl Ji& pUit ^ ^ ^ j^i* d 

Bala nceJReinforccd Beams »** clfrfl 15.4 

tiL- #| ^ j (/; = / , j t ***** jr** 

^ 4^ tf 1 *^ U^-MJ ■ ^ J d fa? s ) 

, (bd) JL*il ^UJ Ji V* 5 &Jfc (/ty )aJ l ^^W^ S^hj j« jAfel 

:( 1.4 JU)^jB OJ^<> 

phd fy^MpxfcC-h ....03,4) 



^51 r jV Jv-» (e B =0.003-) Ml (I"* J") ^> <>-> 



£ v b 200000JWPa £ a = 0.OO3 

3 



£ u + 



600 



60Q t y ; 



054) 



"-"^sE* " (l64) 

iTmrf fr Reinforced B ^ms ^uk^l^dUc^Jl 2.5.4 

,4s , 

p t^a (0.003) pJj J—* I $ U«>S oVUiil ^ *^J-> JJ~ fi3>* V* 

. ( Tension Failure) a — SB »j* J — S> t*-«u 



O.0O3 



T 








p 








/ * 

jT 1 
/ ' 

/ ' 

/ * 

/ •» 
/ * 
I t 




1 


H — H 










<y> 





Over Reinforced Beams oUa 3A4 

jj—j * 0.003) *a«wa ^ ^ ^ J*» 

- (Cotitpression Failure) MaJciftn J-* J*-*H cr*"±> 

^1 ^ 4^ A*fll J-S tftfp U>^J aA i> ^ l3) 

^^^^ ^ Ji ^ f^-^ J^ 1 u- ^ e**^ ( codes ) 



. 2,4) JSJii' ^ ciLwjJI g^Jfl lift ciVlmi^ 



Practical Consideratio ns aLfrfl ,J ^ feag^l 6.4 

. j ~^ LjjU^i ^i—j Jjji^i J*.V -»* ^ gtf v 4 ■ jjjl ■•'»♦ 

s ^ Jo hU3*l V>i> ^ ^J>> jW* 1 ^ A M • ^ uJ> 

ii .vt.tt i : --.ii jji i* j-t jS y*. ^ykL. <&h <j£ f*- : i—f^ ill ilwi*^ 

• (3) J! (2) 0* ^ J&i Jt^^Oz 
<iu« W-jJJ jfij^H* (Concrete Cover) ^'-^'.j^' 

v^^j j^jj jkp-^j ^jj 3 ^ > *M 

: ^ e lUH iUJ j^uJl o^i (AC[-7.7) ^ 
(75mra) ^A^w u^' > m-5 ,/Jl ^ ^ 

<40mm) t^jJ-i *H >J> *Lie'ifl (25mm} ^i^Ji c'jMj 

*Q^jdl i - ^AM> Li (20mm) <J^j fctsL^n, 

.(25mm) «^ait (40mm) y-Ajii -y*Ji 
JJ jjjaJi >j* »> (75mm) J. (65mm) cjU 2 J. u >*-» 



(^Omm) jtf ^ ^ **** ***** 

d^W* ^^^^^^^^^ 

tiU ^ B (40mni> 
- (20tmn) 



lie U 



40 IIIXD 



T 



h d 



1 



65 mm 



T 



{ 30 mm ) 




(3.4) 



^ ^ JS^- (25mni) w ™- C*^ (slabs) M 

j ^ ^ > ^ <J ^ ^ ^ 

(3-4) JUM»*«B Jtf ,5-Bj 00 «3-> A>" d 

Vnmm) ^ (k^mi ^ W-a ***** 

;^12pm) >i^^^^^^ a ^^^^ 

^. ^4 J* ^ liQ ^ ^ J (4 0mm) 

. (20mni) 



lie Ul 



d -A -100 {mm) 



40 nun 



T 



h d 



1 



65 mm 



T 



^| | 4 _40mn. 



{ 30 mm ) jU d*^ 




(3.4) m 



3 ywUJl 3 y<il>wJi 

■J V 

AO code Provisions foluufl UfrU jjSJ) 7.4 
Maximum Steel Ratio ^ A^a^Vt t*x 

JB 3dL->li J^j Ji (f y ) ^) ^ ^ J*-J ±® d& 

i r-" Jj Ua itf jjM Jm^j uAj (0 003) ^-^ifl JUitf I 

yi Affl J^Sft \_J. A^jlj j£ ^>)Ui CiUsUatfl oua j^e tSJ^ £-.^1 

(fy) i-jJaJ J>-j (0.003) Jj *JUjil) iTiVUiil lU5 Luit dua^s 

( 16-4 ^JjU* ) ^iiJi ^LiJl(^) cjOj^ ^ 
t> t# oj^ ^ Jas J&a&tj ^ lU» <> ^ J£ 

l j J _A J a-a * t> J$ (#) ^ JJ*^ ^ M» </*) 

J_5i { p ) AikJ $ »^ tJ^JU iUuiuV! Jii ^> J-Jail 

< Pb)o+ 

i IftiH ^U-bU ^ lU» c-*^ ^ ■» Pb J* ^iJ^P CjjS- 
J-h5 4_-m*)« JjLa Jj— * Jj ^J- V * j**-* 0^ 0* ~ I 

jji. J ^1 . jam 
j *y oM (A-^j W** ****** ft v js j ^ji t>.i> -2 

. u±±fl\ ji 

3^ J-L Ua faj ^jUil ^ V-ij (fj) J*i»J JUiil ^jr-St M-^ ^* 

a_J^J »i» fcUbJj . (2.4) JO JtxV i ^ JUW lio Jl t^j 



im0i ^ i (/fy ) aj^. v-j -J^lf oAj ~ : tjJUB *%jU r^jVl 
-: J j (Pb ) s> (%?5) J ,J W ^ Vi» ^ - *LU1 jjSJI £-i 
Pmtx =0-75p A , (17.4) 

(d t ) 4-1 >j3* jhJ U.fo ) >^IL JLitfl I^J >_mj .WJuitfl ^ <> 

.',11 ^ jj. (ACI-code 2002) JUS d£ > *Ij>A ^Aj 

-:<M(2.4) 

<18.4) 

j^lj <joL <> j^l li! ul far - *0 ^ Sifc, J ^ u* 5 m 

. *JUU ^ (j, m d) J jUeJ *JJ**t O^J (^r>^) ^ u 
— ^j-A (ACI 10,3 5) jjOjii^J^jUiJj 
^ (^) ^ (OAfZAg) 0J tfjj^- tUW^^^ 

i 004 -i J J (0,004) 



, = °Wi 09.4) 

3 y$ 



c = a 



jti (19 4) *bUJl ^ (c ) ^i^j 



/v % +f / 



[0.002 /or / y =400A$w 
^=.00175 for f y ^S0Mpa 

.0015 /or / v -300A//>7 ^^^^H 

^ $ J *M i*t =0 004)^ JUL-il J p'^^ft 

. ClU.ll &3B J£ ^ J* L>°^ ^ 

JLiLL*:i u«u ,uuu A**** waj 

pLJi (0.7) ifcu*si« y ^ ■ (0.9) i/jt-i 

. «jyfl ctf U (0.65) j ^jjM> 

: Tension controlled members *g d& l+ji ^ »L^ :*} -\ 
oL-i (0.005) ^jU- 1 M*i>&0 

: CompressiOD controlled nu mbers gj^fl ^ Wji ^ ,^ »l^U "V 
^ (0.002) yrjW Jtf ) ^ W OA v* * 

o* » (0.7) ^> C&J (0-65) Ji ^ 

o*J (a) S&tf 3** ****N < *f ) r*J C^ 11 

. JUifll (18.4 ) (c) ajpJi 



Jfj (0 002) u- *U*J ^ o& J® ■ -+ 

UjttJi oiili cW** OP U J (0.002<fcv<0.005) J tft (0.005) 

(0,9) (0.7) £ (0.65) ,> U-i (#) <^ Ui> jjSJI ^ *V VtLi JUiV'j 
(<*) jU ^liuyi *k>JJj . (4.4 ) J^t J* fo) j fa) J# ^ <SI 

— j cLiac^U 

^=0.7+^~fe -0.002) = 0.567 + 66.7*, (22.4) 

-: Q^gjfrjU 

75 

*=0.65+— -fo -0.0021=0.483 + 83.3 ff, (23 4") 

^ 0.003 ^ 

i 4 abJS <^ (Jil£ Jc- iSfel ^ JjSS 



0.7 

0.65 



« 

^ = 0.576 + 66 ,7s r 




^ = 0.483 + 83.3^ 



(4.4 ) js-i 



e ( =0.002 



0.005 



(^ = 0.9) ^(^Spjajfi^ • 

v Ljp ft JL-*^ cA» (0.002) tf jW J ttf > ft ) Oi* 3 Ua* * 

. £ >i v-* ( 7) J (0.65) Jl ^jU* 

v.J p u*i_J £j (0 002<<? f <0.005) JL^iWj > ft ) CjjP ^ • 

* |Uinimum St* *l Ratio ^ : ^ 

^ , S j cUi J ( J"* f > J! f >* J*-u ) 

_ ^min . 4K> ] A (24 4) 

= h w d ' Af y fy ~ 

f 25 4) 

Iran ZP^Pm ' * 



Analysis 



and Design of Singly Reinforced Rectangular 
Beams, > 



Analysis t U^t 1-&.4 

j gift j j ^ &al %| J) <ji— J^^u^^^ 1 *^ 
-: (1.4 jLiJi ) ^jB OJ 1 -^ t> (a ) i** 

> (26.4) 

0.85/^' * 

: Uju*tf\ s^S >j- Jj* f j>l Sft V**^ ^ff 3 Vr*-** P 3 
M„=0.85/X^-|) ( 284 ) 

■M» = phd 2 Ul-Q.59p-^-) * -(29 A) 

> f'c 

t^. (4) > <i^uJi M ^ jW5!j 

.ILL. Um U& (f r ) M UjUj! 
, J*L^ 9$MM**4 (29,4) 



& ^^o*^^*r>P<>^^" ^ 

A f € =Q*Sfiab=0.*Sfifi cb 

. ctfuiivi ( ) & y ***** 

c </-c c 

... h ; Es e s J-f^m d ^ w 

^^i^fj^**wm® *w **** 

^rM m eft i m i v 4 > : 

. (/ s > Mm (/>•) 

„ , " ~P*> (=) J" >> 



l-^ . = ^ rt- 

■ *U ft 



600 



0.85/?,/^ =600 ^~^" 0.85 A/; IT, 




(30.4) 

: cJ >iJL aJUJ 3$£$J M 1 -* W 

. X H (30 4) <bU^ ^ "2 

. /, = 600- — 

c 

1-6 



ggg a ^ro ulv^j .i* *J ^4 m„ W» ^ * 

. ULL- 

<jc iuujt j^sa ju^Vi j-i^^Y Q#*» 

J- Cu-S *i»A ^Ul $ * < 

y N ^ ^ r±~^ J ^ * J ^ **** 

Pnax ^ vl— "2 



&p fbiU p^ ZpSPnw i)±rHp ^ ^ "3 

♦ - 0.9) gj*«4 jjS* Jfr Jj— ^ Pf J 1 W*« J* 

: ^ U£j ibuty J (29.4) ^bU*it -4 

W w *#Jaf£ =4phd 2 f y (1 -0.59/?-^) 

7c 



juffl mL^Jj .JUjlw ^jjiUi l ^ oSf (Jtf | 4t4f%^ 

. ^Vl^ .ills* 
> (3) J)(2)jj^ V-iH ljjSS <j\ tWifl o*j U H 

. jbjrt v U UaUJl ^ t^^l 6# MA si 

i ^3 J*j ^| MaiH -U& yn-hi f3 /? W) ^IjUJI j- *^lu* si«aJ "5 

... ^ a -^U ^ 5iUJl o- JS *iLil* i^j, (/?) ^ ^ -6 

a^jsvi j-LSj ( tMfe ^ H* 1 ^ $fe£ </* Sp£§ #5 ) J * iaJ1 
* Vj lkdl a&! ssjm ^ * c^** 8 ^ e**^ 

: ^ L£ dli ^ i^s J^lCj <^ 



u>a 6* J* -^i ^=0.9) a*#j 

c^K KLJ , a™ j /7 max WMb (/» Jj— » # ^ M ™* 

(o .9) J-Si [4 ) *M & {pt ) o- j# (p ) ^ ^ ^ " : ^ 

uL^> ^ (23.4) j$ (22.4) sLiiJl o- ((* ) WW ^ 

,(4>M„ 2: Af p ) M> IN M » ) 

j^F 2x0.85/^ 



= 1/1- h-— ) (31.4) jji^l^^L-L 



, ^ (lOGww ) j Sadj ^ ^ 

ILL* <t^> fJ U* ^ ^ Js^j ^ o*M • 



1.4 

.fc= 20 Mpa i(rf = 460mm) JL^d &*mj (250mm) 

^U* ^j£» Laic :! <£*1J *W*1 Ujft 0*0.) = 300 M/w 

, . ■ >>-c *. /4, ss 5160mm 2 qj& L-^jc :m A s - 2000mm 2 

. cAiJ JJLi ,^«^ J&J I j* : J*J 



Ht> m f y 600 + f y 300 600 + 300 

2000 , 0,0174 
W 250x460 



£>, -0.85 ft & ^ =0 018 

m m f y e u + 005 

2000x300 ^ 

a = - — = = 141 mm 

Q-teflb 0.85x20x250 

^M« = ^^/ > (rf--) = 0.9x20O0x30Oy.(460-— )x!0" 6 = 210 KNm 



„=0.85x^/^(rf-^) = 2IO Sffi* 



. (a) ^ Jj Im» V (29.4) aLUJJ J 

/* 

h = 0.9x 0.0174 x 250 x460 2 x300(l- 59x,0I74~)x I0" 6 =2\QKN.m 



.(Over Reinforced) £*Ltt Ufts £ 

m = r — = r =4152 m,p -1 

(.85) 2 /c (.85) 2 x20 
/»w = 0.045x41.52 = 1.868 



c - K u d = 0.721 x 460 = 331 J mm c <+*l^~3 

a = 0.85c - 0.85 x 331 .7 e 282 w/w M ~4 



Mi > '' 5 

.-. A/„ = 0.85^ flW-^) - 0.85 x 20 x 282 x 250(460 - — )x 10" 6 

2 2 

M„ = 382.32 KNm 

600^ = 6QQ 460 7 ^^LS 

/ A = 232.GA-//W 

. A/jt jU^y <JjuU*Jl pb±2-tj 

d~c 460-331.7 

ft = £ u es x 0,003 = 0.00 1 1 

1 c " 331.7 

ijL- ^.jkLJl yjSj ^= 0,65 ^4 iXjS ^ ft < O.002 $j 

(M&i =0.65 x 382.32 = 248.5 

, = ,™ =0^^-^ = 0.0206 
4 = /W = 0.0206 x 250 x 460 » 2369 



0.85 /^A 0.85x20x250 

-: *liUJi <> ^ f% P>p ( uVj 

= 0.483 + 83.3 s f =0.81 6 
MM** -') = 0.816 x 2369x 300(460 - *| 7 -)x HT 6 = 218.34 KNjn 

,2/ /I ACQ^A 



M tt =0.816x0.0206x250x460 2 x3O0a-i9x.0206^)xl0~ 6 
M u =218.13 KNjh 



2.4 

^Jl $ ( 5 4 ) ^ * 

(SKN tm J^jL^W^ujj'^^^^* {WKNtm ) ^ 

. =35 A4» /, = 300W/W J US 

. J^lij ^jrt^j JlU I j* 

A _ o.85 - ^y-tfl -30) = 0.81 fc > 30*4» $ 

p. 3x491 =0.007 
^ 350x600 

- = 85 A =0.0536 

i*Jk <j* p<pb di^H 



W B -38 4 KN/m 


_ \ 




/Ht TTT lillilll IX 


1 

675 mm 




T 


/ 

/ 

/ 1 




1 


.._ 3 m » 


1 L 










1 1 



3 SO mm 



(5.4) 

(2.4) JU1 ^ ds— Us 



/p, + 005 



0.9 J» # <sa lijS5 Ajlfr ^? < p f $ M 



(J Mi = 0.9 x .007 x 350 x 600 2 x 300(1 - 0.59 * 007 x * io" 6 = 229.7 KN m 

35 

^-1.61 + 1.20 = 1.6x18 + 1.2x8 = 38.4 £/*7m 



M u = 3S.4x — = 1728 KNjtj 
u 2 

M u <$M n 



3.4 Ji. 

r * J ftj L_£ lj} , (4m) . jla-i- i t .W*i>ir'4 J*M ^ C^ 1 
= SOAftxr <(3>0 KN/ni) 4/ ^Jl ^ J-^J 0° B* '*) v-*-^ 

^Jj uj^ (2S0x 600mw)ti^lV &| $ 
|$g = 0.25 x 0.6 x 24 = 3,6 KN f m 

D = 10 + 4-14JW//n ^ajjflD^M^ W b =*KN/m ^ 
^=UO + L6L = L2xl4 + l.6 x 30 = 64.8 AW/m ^H** 1 * 

A/ w =^L 2 /8 = 64.8x4 2 /S-129.6^ 

. (,3) 0* i^M* CM* Ptr&ri ' ^max ^"^ " 2 

Anin =0 0035 /W - 0.0232 

M*i >f (0.9 fcjMM ^^p<A^'^ 
p = 0.0l6 jViii-UAj ^,=0.0203 

If^^W^H^ "to*** 

129.6x 10 6 = 0.9 k.016 x W J x 0/(J - 59 * = S.035M 2 

; .W 2 = 25.74x10* 



150 414mm 

200 359mm 
250 320 mm 

.X^'^^i^i^^di d = 32Qmm i ^250mrn 

,4, = p W - 0.016 x 250x 320 = 1280mw 2 ^ M-i -5 

,1 = 1280/491-2.6 



(3025mm) 



_ 250-100-3x25 „ 
S = = 37.5 > 2$ mm 

2 



( \0mm J* t&J&i ) J® J*** M-^i -6 

6 = 320+13 + 50 = 383 mm 

. h - 400mm 
■ (6,4) J^i ^i^b>*<+^ J^Ui 

: 4.4 Jl* 

<i*M«) ^ti. Cu* f > yfe LLu (/* = 700mm) J£ S**j (300mm) 

i i rtill £g— j 4il uujl ijiij J: ~™ iifi £ otiajl M<**] * jW jr, - 1 5QKNjn 

. _/y = 400Mpa ^ f'c = 20Kfpa J UW j^i ^Uk*.^-*. 
iUtfl Oi 5 d 1 * fcjj&Jj Jxtf 

A/„ = 1 IMd 4 I 6M, = l.2x 100 + 1 6x )50 
M t , = 360 O\m 

dP iS* 3 * 1 vMf3) J^<> ^min 1 /'max 4*-*"2 
Anax -0 0155 />min = 00035 



T 



400 tern 



1 



n n 


3^25 









(44) Jfci 
(3.4) JUJJ 



250 mm 



rf=700-65-6335/ff/7i 
M„ 360 x 1 6 



JL- — . — JV -^ = 3.3 

2 n.. miw A'*^ 



^d 2 .9x 300 x 635 



/77 = 



O.S5/c 0.85x20 



1 fjTx 3.3 *B.S3 093 

V 400 ' 

/>inm < />< ^max 

As = pbd = 0.0093 x 300 x 635 = 1772 mm 2 
' 491 

. 4^25 

: ( 10mm gu^M J c» ) 
300-100-4x25 ^„ m>n 

3 

^U>J» eM* r±# (7-4) fl» > ■ P»J ^ * ^ 



700 mm 



n n 



4^25 



(7.4) J^i 
(4.4) 



300 mm 



Jc 

w »_ - -2&*i _ ft (32.4) 



/JW 2 /c /c 



i 

Jc 

(32.4 ^ 

Jfc = flKI - 0.59») .. ....(33.4) 

. >u ^|4)<4y 4*! m^mfi;--S **** Mi 

J L-J* (A) ^ JjfeJ ^ t| (#) ^ Jj* A *~*J *^ **** 

(A) 5^5 ^ic Jj^il vll^j (0 = 0.154) Uj^ 1 ^^ 

^ JW> 6pJ 6hJ» J| *J^i (0-15) 

. (0.14) **jU* (*) ^ jjSi (0.004) 

(0,009) fiJL-, L^a (0 I?) ^ > J (°- 1601 ) 

J^J! ^L-o . (0.179) ^jU (*>) ljI ^ (Ml <> «J>^ MS C*« 



5.4 jfe 

. As = 2000mm 2 ajS ( 1.4 )JM J* ^ 



^ = 0.0174 

^ = ^ = 0.0174x^ = 0.261 



= 0.2208 



r M„ = 0.2208 x 20 x 250 * 460 2 K 10"* = 233.6AW.W 
A/ v * 0.9x233 6 = 210 



; 6.4 

. JjiaJl f bii-b (3.4) Jfc«ft J* 
g|| (0.016) il^. Ujl^iJ f3 (p) WJ 1 *) 

/v 
/c 

Jfc-0.1862 = --^ T £4iJ**»<> 

. 129-6 *10 6 _ nlg<; , 
0.9x30xM 2 



s.hd 2 = 25 JSxlO 6 mm 3 

. (3.4) J&*N W-* 3 & >^ 

, JjiaJ r ljai-l# ( 4.4 ) Jhk J* jJ 

; __M fl _ 360 xlO 6 ^kWv— 

*/;M 2 * 0.9x20 x 300 x635 2 

Jfc = 0.1653 

i = 0.186 -0.0093 



Analysis and Design of Doubly Reinforced Rectangular 
Beams 

s ^Uid 1.10,4 

J~*a»J dBij r^ntij 

^JtkL, ,> J* ^ ^ JUiH J Jj jij mi J»>^ J3uy 

<_iL«V JaUu^l Alia. ^jUaj j£j - j' j->> AjuJ gfct0*ti J l£*fU*$1 




: f .Uafl 2.10.4 

^ J* *** ^ J 

; Ctfl* UJ^i 3 

MP g jan jtt ( /, ) | Ml ^ ^ * * 

}>Jj :j s ^ o/m i j () !^ f JiA^*' 

. (g.4) JSJI • ** *<* 

A'Jy=A s2 f y MfJ» 

:a= 0.85/Jfr 

: ^ jJJI i3j» (O" 5 ^ 
M„ = A/ nl + M n2 -OXSfrM- §> + W - (34 - 4) 

w„ »Jis * - **s, O + *4f*P - dr) p5-4) 

-u. J^V j . /, **4 «** d ^ *** * 

i** J mW (pi ) s#i J* « 1 ^ ^ M f 

e u = 0.003 J! «->i ft* $ ^N**"**^^ 



(364) 



AJ y = Q.ZSflab f A' s fy is&ojyo* 



p' b bdf y = Q.%Sfl0 x c b b + ffbfy 



fy d 



Jy E u + *y 



: jji { 36.4 <> ^ 0±iJ*&i 



(<?., = /y //?.,) ! fa =0.003) |P C*0*^) 

^a§^*£^ 



J" 
M 

^ ^-jyi j&Ji $ ^Jt juiii J *jSJ o 1 * ^ ^ u 1 -^ 

^ s^S ^Sij ) *a ^ ^fj^ 1 ^ti > (0.004) 



d' e tt - s y 

. c=s . 600 „ (39.4) 

600 -/y 

A s f y = 0X5tiab + A' s f y 

: g%(39.4) UiU-B ^(C) Wj^ .>J^ 

**f^?#** w 

a jj jj j,u— j^i ^ ^ >j» J ^ t <A ^ tit-P 
x-**. isffi-MM 3 ^ t~ jrf oj* (c) Ji a SB* ^ </* 
y ^ d& W M ■ ei.^ ^ ^ <w Vm * ^ top ^^-^ 



c b -d' H 

Cb 4 



: va( 364 fi&A $f#& &&&& 
' q My) > ^ ^ 136 4 ^ > * 

J2 600 ...fi^,,.*?'— (43 ' 4) 

„ 6 . 4) M J > ^ ' *f " * 

lii* ^ W 
If J f? _ : ^ ufj (o.om) (r> ) SM 



e -(s, -.-0.004)^1 S/, 



(44 4) 



jtfcft ii^JJl liji J J* (/I iiS ^ Ja*-* &q ^ 

uu. &y (/;> jaLLkAjjfi ^ j^i o^. Site? *l dt$D j ,uj 

HU^I - OAS flab + 4/; s j3 oi^ 6- 



A s f y =O,S50iflbc + 6QOA' s ^- (45.4) 

: ^ US iliaJV' 

M„ = &Sftab(d i§* - <V) - (46.4) 

c(A s fy -6004) » OZSpJcbc 2 - 60$4$tf 

^ 4/^-600^ bOOA'd' ' 
c J — — ^ c- 



; Ajy-tMA's 600 Atf' i fa . 



J o-L-J ^ •* L W WMl jWM V P > Pb 

V t£60O = O.S5A ^600— ....-(48.4) 

c 

M„ =0Z5Xab(d~) + AM(d~d>) (49.4) 

I p 2- ^ (37.4 )*-bUJ\ l>- Pi 1 fi ' j% 1 P - 1 

. (46.4) *bU*i» f hii-b (M n ) V-^ 

jL-h»j (48.4) ^-bU-H d=s (C) W-***^^**?^ 

, IWfl ^ jU*ii jU^Y (49.4) *U*JI ffe&Uj /; * /, 



L_^>i . A^_ki ^ki— j ^ «uW Uj, y^ku-ii > 3 
. /, p/„ J o^^aJj- 311 & (*) ****** ^ fH _1 

d-c , c-d' % 
s u =0.003 ^ s s = * a < *i -ftf * £ y~ Es 

. JUi»atf*lj iift ^ *JUI .i* . (35.4) J (34.4) 

( c ) i_LJ ( ^> J ) *j li ! ^ 5 

j i^^^JuflL^ ^U* 3.10.4 
jtoi (a) Wrjfrl J-u- ^ 4^ Vj « %M * tL "* J * 



h^U ) ^ ii> (# = 0.9) < « « 005 ) ' J* 

-: 6 U s^, *V (0.005) J" *ofo ) M J 

5*^|f^^f (5M) 



e u - (c u + 0.005) d 



kwi^^^^f (5M) 

(O.0O5) JUiit vt^ <s*j *> t 1 ^ ^ ^ ^ " /V 

p es ig n w^aufl 4, 1 0.4 

cu^ ^ jy^ ^ lu-^v» ^ 

V)j AijL-il SjiiSI Jji* t JoijL * P £ /? max 

j ^ > Jlw ^ j#* ^ 

(^) l^ij^ ^ SN> ^ ^»mw 

^ = 0.483 + 83.3*, = &16 **** *^ 



>L (52.4) 



0.85/^ 

M u] =tM u =<fiA 5i f y (d-?-) £3.4) 



:.M u2 *M u -M u \ [ , • 

fs-n^m^fy ®M 

~ tf (56 4) 



4 



j4 ,.^ 1 + ^± r J* 

Ann = /'max + * J~ 

v, («, ^0.004) <**i »*?-4»-fi»^*r.# ^r - ^ 



Jibuti \>1t. gjUJI jjJi <i.U** c yE! jLaLJi JUaI ^ : 2 



q& ii] . (9.4) <jSu& ^ £^>fl tf*- ^ V-Vl .UJVI jli- v-^ 
j, = 8000mm 2 -£ i4 ff = 5000mm 2 ^ «= 4000mm 2 -i 

. A' s -2500mm 2 . = 350Mpa <■ f' c = 30A<pa j 



: 0^ 

. .jl.-'U Aajj jj\ ^Juult ^IjViIim^ cji^l tJjLkj ^ JIU 1 j* 
A = ( g 5 ) 2 £• 600 = 0.039 =0.02 



40O0_ = 0032 
^ 500x250 

(43.4) *bUJl ^> p J, mI**** ^ 

/j «60O-(600 + /j,) — = 505Mpa>f y 

;./; = 350 A//w 
p' b ~p b +P t = 039 + 1> 02 = 0.059 

. ^ jftjujt -i* jj iin jjjii <j!c < /?i & 

-: USj (47 ,4) *bU-SI c ) 
^/ >t -600/4; 4000(350) -600(2500) _ 1[H5 
l " (0.85) 2 {30X25O) 



250 mm 




d' =50 mm 



d^500 mm 



(9.4) 

m 



__(MA' s d r 600x2500x50 _ mm ^ 
2 7 0.85 A/^ " (0.85) 2 (30X250) 



*l»J*l 2 »**2 -18.45 » Jh8.45) 2 ^IggOjg. 
W 2 = 2 
c = 108.8 mm <2 = /? 1 c = 92.5 mm 

■ ' - r _ 1 MO 



108.8 

A/ w =0.85/>M^-|)+^/;^-/') 

M n =[085 *30x 250x 925(500- ~) + 2500x 324.3(500- 5ff>]x lO^ 6 



^ = 0.0349 (^t^^>> 

5000 nrM 
/> = m 0.04 

^ 250(500) 

-: (38.4) ft&J 0- />i <fc ^ W 
^ = +/?' = 0,059 < ^ £>» <>) 

/i=/y • A=/, ^ P>/>^-> ***** J ^ 



a ""^85/^T" 0.85x30x250 

^ f _ ^ 50f 500 _ 1?L2) * 2500 x 350 x 4501 * IP* 
jtf n =[0.85x30 x 1371x2501 5 BU ^ J 

^ 80M_ = OO64>0-0S7 
, 8O00 (5?^X«X» = (0.8S) 2 (30XcX25O) » 25U ) (350) 




4OCK)x35O-0.85*3Oxax250 + 250Qx35O 
;. c ^ fl /A -96.94 

, W-t fl , 0014 *, = = 0124 

96.94 " ° 

m 0,00175 

^' " S. 200000 ( . 



= d-c ;r 5QO-108j x0Q3 = 0(>108> 
c " 108.8 



>B c> (a ) v 1 -* rV 

5000 x 350 = 0.85 x 30a x 250 4- 2500 x 350 \a=-\ 37.3 mm 
c = 137.3/0.85 = 16 1. 53/wn 

J =^^^ = — — x (0.003) - 0.002 l> /; = ' 

5 u 161.53 

- . fcjU = 50O-16JJ3 x ^ ^ 0,006 > ?. $ * f y 
* c 161.53 



a = 302mm 

. cffUifll v— 1 ^ 355.3mm ^ «f* 

£jp =— ^=0.00122 <^ 
c 

JLL^ h = 600 mm)^ ( b = 300mm) ^-jc ^* ^ 
200 KN.m tj£b <f»Jl ^tf oj>> e^U r>> ^^^^ 

/j, = 400A^2 i m 30 Adpoi 



^ > (100mm) J'uill 

d - h -100-500 mm 
M u =\.2M D + l.6M L =528A'A f jm Mu ■.-■ii -1 

Anax = 0.0232 t>U ^ ^ Jj^J . p mux -2 

/^-**L = 7 . 82 „ = -i22_,-|5,7 * = 0.9 ^ 

.85x30 r 



1 ■ / 2x15.7x7.82 , 

/? = (I - Jl ) = 0.024 1 

W 15.7 1 \ 400 

4*1 =PmaxM = . 0232x300x500 = 3480mm 2 
^ri/jf 3480x400 |0 . 
0.85/;* 0.85x30x300 

=^ Af„, = 0.816x3480*400(500- —)*10^ 6 = 464.6 AA.m 

2- 



M u2 = M u ~ M u} ~ 528 - 464.6 = MAKNm M u2 ~5 

(d' — 65mm [>oji ) LUu-ojYI ^ia. j^jJ ■.i.r^i -6 

c = af p\ =214 mm 

/; = 600 = 600 2 1 ^ ^~ 65 ^418 Mpa > fy :-f±= f y 

A/„2 63.4x10* 2 

Ac — = «■* 447 mm 

x tf' s {d-d') 0.816 x 400 x (500 -65) 
yj j2 = A' s = 447 mm 2 

^ = *s\ + A s2 m 3480 + 447 = 3927 ww 2 ^ juII 



^ \^& <± % - ^07 mm 2 £*K*30) ^ $N P ft 4 * 

a -2??- -5.33 * 
707 

Ji JAu*W ^ (^12) jLu^i ^btfJ f3 *Jj J 

1L3 

300-100-3x30 m$s>m (j&AJ) ^lii^J j^i 

2 

</ = 6O0-(13 + 30+10 + 4O) = 507>500 dWI^iJ^fi 

, JBJl 1^3 J^>1£ (10.4) JSUj 

: 10.4 JH* 

( 360mm) ^jU, (lt.4) J ***** ^ *^ 

= * & = 20 A*/w l*J <j- 1 > • (600mm) ^ 

. J^^j^l— M-»S • rf' = 65wm^i>U— Jill j^JS^U **JU ^ lij 

</ = /r- 100 = 500mm ( ) ^ ~ : 

/> tf = 100x1.6 = 160 *N 

W„ =46.8x1.2 = 56.16 

2 

Art, = + FF W ^ >> M-J " * 



300 mm 




iff — ? 



fiOC mm 



(10.4) Jbfc 

Ji!t*U £^ 

(9.4) 



2 

M u = 1 60 x - + 56. 1 6 x ^- = 49172 AW.ru 
4 8 

.85x20 jgjgf 0,9*360x500" 

p = l ( ,^(|T^ ) = 0.0198 
m \ fy 



2 - --4 



A s] =p m ucbd = . 0155 x360x 500 = 2790«ww* 4ji 
j^ = _2790xJ00_ lg2mm 
0.85/c* 0.85x20x360 
M tfI =<*M W| = 0.816x2790x400(500- — JxlO'* = 372.5 /OV>, 

A/ m2 -A/ w - M w , - 492,72 - 372.5 = 120.22AW.rn 



c = a / = 214 -iW) > i ^ 6 

r ^^ 6 O0 = ^-^(600) = 4)8>j5> 
ys c 214 

;.f 5 =f y =4mMpa 

*~ tf'(d-d') 0.816x400(500-65) 

= 4 = 847aww 2 m.J^m <*L-r-% 



As = 2790 + 847 = 3637 mm 2 



^KS ill 9 



(11.4) £d 

4) JiJl JUiJt J^U2 



^ -gc (025) gji J^M -io 



5 = 



491 

360-100-4x25 



= 53 mm 



S * 53 mm > 25 mm O.K 

s»j 4*UJ1 ( 2025 ) f ^ ^2 fcptj 

2 x 49 U 982 > 847 wot 2 O AT 



j*yj£ A 1 h ^ I |l d % ill 



Analysis and Design of TBeams 

1.11.4 

JLi s^JiV» ^ J— i ^ J*J ^ ^ 

.^ js .J * JJr^t 6 >3J U ( flange) c la»Ji *> (12.4) 

. (web) g -i^-fl 

l_js JLji^tM c5j* OjSj **** * jW ! ^ 

-: ^jy U£j ( effective flange width) C U*J1 JUi3l 

tj^-n ^ji j! w*— 11 MM s* *BHi (V ) ^* Pfe* 



(59.4) 




(12.4) ^ 

(T) jS-S^ctf*^ 



j1 i^US jjL Ol_>* Cu. jl P Lij Jji ( ) ijc AjjiV J 



12 



:.b£b w +s/2 



(604) 



b<L4b. 



.(61.4) 



Analysis 2.11.4 

<* jlL* * iiOU\ jUJ Jfi. iillj i-lu £ i»J! } ^UaJl 4 >*» OjoaJl 

-(13 4) JS-jai * ijia V^j <WU iljJl 

*- flb L_+J^ ,jJL^J ^ic JlaJ 3jS«]1 jtf £A»Jl ^j-^a -ijiilt jjau (5*o jjSa Uiifr 

LhA) J jUJ ^£ V .i j**li ^ (b*d) 

4] -JALA JJiU JLili J (T-bcam) lM» f3 Wj- ( U J-flf 
(8,4 S>i ) ^jLsN (Jj'»--m«r ^iaJ^ oVjU- <3f^ ^* J JjlaJfil 



N 













m m m 




h H 



A A 




( 13.4) 

(T) 5aU^ J_»»JS jj^ tfy 



j< .^i Ai_^v ) ^-Ji US ^ JjkiH (*/ ) 0- (a ) ^ m ^ - 

: (14.4 

. iU-JaJ 0J£ ****** 

. grjuJi ^jljj ^ jj^Ji i*L*. 

o ^-^/ m 

fy 

M nX -A sf f y {d-^) i (64.4) 

Hi J* uij "M tfjfl ojVr t> Ujkj o^t^ JoU * il31 te* & 




(14.4) JSJ: 
(T) iiSJl ±\kJaft\ j <jf 



A s „f y =Q.%Sftab w 

- (65.4) 



mem* 



1E&bMUjy0b& - < 664 > 



A/„ =A/„, + A/ n2 =A sf f y {d- % ^A^fyid^) (67.4) 



A/„ = M nl +M n2 = 0.85/^ [(* -h w )h f {d-%* ah u (d - U\ (68.4) 



ijJuJ >ft (^w^ ) £^ WU« ,> i±$ ^ l&I if** 

li^j^ (/j, ) (0.003) ^-fti juinii *iu>« 

-: (15.4) dLX\±*y 

A s f y = 0.85 flfiicb* + 0.85/c (A - bw)h f ^jffl <jjj> & 

A s f y = 0.85/^,^.. + A s/ f y m 



{h w df y )Ji *bU- ^ cP*i>-^W» 




(15.4) 0^ 



b w d rwb b w d r 

J y C-u T &y 

^j(E s =200000) [Sy=fyfE s ) &s {s u =0.003) Q* t^yuJLj 

N>^f^##t^ (694) 

(T) J^^^ii <xW* ^ -Pn 

( .X^l cJliL^'l ) (b w d ) J) ^£ m-u\ a* 
& g . ■ £s «*ili_£,a oY 4MU(/V >P»*) ^ $ 



<f -c c 
d-c 



n * m * *s*- — * 6o °^ < 704 > 



A s f s = 0.85/ c '(A - bw)h f + 0.%5&ab w 



4,600— = 0.85/ c '(£ - y + O&Sftfidb (714) 



-:( iin^dj- f j>* ^ ^ W ^-^J 



W „ = 85 & (6 - A* */ {4 - ^) t OWcOK ¥ -| C2.4) 

(/j = /y ) J ^ ^-t ***** (C) ^fc^Cr^^W 

. (2.4) JiiH (fy> f ( ^ J,i * J * c * t* 

(fiv '> « y > ^ ^ ^> ^ * ^ * w 

^ ^ (0.004) £ MJ > ^ J ^ * 

0> _s eEfe (0.004) j** *»n J^ 1 '- u -^H**) #*■ 

/Vmax ,+0.004 ^ 

— ; t t j -w 

(T) as ^ " ft" ttm 

. (20.4) ibUJL Uj^j f-J***!* ^ -Pnrnx 

. ....va i t3b) f >JpW S^HJ 

-: ^ L« JjUtf U-*^ O^-W 

(b, ^ ^ ?*w— d ^ u > * ^ u 1 ' 2 

^ ,63.4) **4v ) 5-*" H ^ * */ ! U! uW3 

(69.4) fUfaW! 4fM ^j— ) fr— = btd ] 



t> M n j (65 4) *l>u-lt j> (a) ^ JjUiU * Ph£^ 

(68.4) J (67.4) 

J — (71 4) <1jU*11 (c) ^ JJiiSM jli /7 M , > p w b LliA£k lij L*l -4 

L£ Jjk, cJUaW £ ji <> ^fciil US . (72.4) aLUJI V-^' 



ILL, Aa.JijJi ^LJI U jLA <LkL^I ^Lli-I AjbJ l^ii ^ J-U-Jl ^ ^l*t 
a_JU\ »V fr = 0.9) J ^ *| =0.005 .jl^i- JUil liuJ ^ ^ JIM 

=o - 85ft f^oos^/'^ + & - - 

.(T) jSJi J* (0.005) Jl*ii» y3H ~ A« 

<bUJL U jm^ 3 JjU-.-.a t j^j (0.005) lWu! ^ j^iJt = /?r 

.(214) 



Design m^=^ 3.11.4 

w jit yj"--* J^lj lil * ^ oliaiUl f±*—S (/fy ) ^liaJ* 

^jUiM ilia Jjl* j j (^ r ) -Uijt J- IJt jUj) ^AaJ > (T) CjUJ 1 
j ;; <t l jij—Jl AjJs jUJ Jli tUaiVl *>*jUJ Aiiall f**J-aj Jk. 

fcjjj^jj 1 j^iud JLifl ^y^J' jj£ J>Sl ijjSj £jL*^' ^ * JJiuiflfl AilaLJ 

. jLuVl jfi-a Jt& •-itjaiVI cJJ^ii iJ-*^ ^4^*- 

— ; L« : ' LU& jU>j ^i?J* (j^i 

. ^iaii ^ t^-s 



Design 3,11.4 

jbLij ^Ltj Jl^j ^ ^i?Jl j»* (T) Jli 

j c^^jJI y; •■; UJi £AsJ» Jbul £l3 ^ J^J *+uJ ^ 

^jkj|| ? joi-a jUiM UJ 5 ^jUUl ^ jl-S^ JatLJdVl *5W 

. ibj/1 >u-a jfr Ml $0$ UJ^J O-^ £^ J^ 1 ^* 

-: ^ U , y/j^-L LLc jlliS £i*J aJc. 

. ^ tj-iij- ^ <Jc iiU*lv-2 

^it^^^^^j^^ui f >u Ui* ^ *W " 3 

^> v i -) o»*jj^ ^ *P > **** t# ^ 

r> v w ,j (61.4) J (60.4) J (59.4) <-M* #^ _1 

g ^ f >» m-^j (*/) **#V*i«BPI i • • ku ^ M ^* **1 

j f^j ^ Jfc£ fO (0.9) ^ «> 

agg p-fr.)*/ (764) 

-V- /, 

. *JJL gjjj jjjjlj c U»ll iU^il gSiB f> #>• " 4 

MuX=^^f y {.d-h f ll) ("4) 

M a2 =M -M vi <7&4) 



A s ~ As* + 



(79.4) 

(80.4) 



<; j 3 LJ aLAaj lALH) j^j ^Ui ^ ^ 4** J ^ >i 

i . „K>hi ' [ — i 

^ *fy fy 

ilikL- OjS <1U . g| M** *Pmin J ^Pmm 

(74.4) &-*i.0m ) *h. Oft. **** «w« W iMH I 
U^jjLJ (^ = 0.9) M* eM Mw) ^ ^ ^) *MNi 

(M M S*A/ n ) 

11-4 JiU 

Isolated A- <T) * LaJV ' *^ ^ 

A, = 3000mm 2 -1 a-*** W^-* P*> * 

i /; = 20A«tf ' * *s - 7000mm 2 - g $ - 4«00»» 2 

JsJl 

. (T) tjS-i ^ oi+L-Ji [jjiai o*±i 



1 p 

50mm 

T 



720mm 



A, 



d^660min 



(1C4) Ji-i 

JUJ] ajull ^Jai. 
(11.4) 



h — 1 

250mm 



= s 150>ft w /2 



6*720<4* w <1000jwm) 



0.85/^ 0.85x20x720 



= 0.0217 



. (720x660) iUiu ^ Jl^^a a <: lif J W 

. j»L3l ^ (*3) Jj^ <> 



300 ^.0.0063<^ 



720x660 



-O.^ Ju-aSL 



^^/ K (^--)-(3000X400X660-y)xlO- 6 = 733.2^ 



*sfy = _J80Ox40O_ ^ { 5?mw > , 50/ „ m 
a ~QJ&fit> 0.85x20x720 



' ^5x20x(720 - 250)050) = 2m 
As f = 400 
p b =0 0217 



(T) J£-l J* 



p __2?_ 9 *-,0.0182 
p J 660^250 

pw _ _ 48ft0 . = 0.029 < 0.04 

660.250 ^ ^^^^ 

A = ^ _ jyj = 4800 - 2996 - 1804mm 2 

1804*400 -- -^Q^ 
0.85x20x250 

. . . tf. 

T 

A*„ ^ [2996 x 400(660 -?f ) + 1804 x 400(660 - J==3j x 10' 



2 



^-0.04 ***** 

_7000_ =;0042>004 
Pw 250x660 , 

7000 x 600 = 0.85(20X470X1 50) i 0.85(20*250X0 85<r) 

c = 404mm 

a- p\c = 343mm 

* ,600 — = SWMpa<f y 

- 0.85/; (6 - )h f id- h -+-) + 0Z5fib w a{d - 1) 
M w =(0.85x20x 470xl50x585 + 0.85x20x250x343x488.5)xl0- 6 

M rt =1413.23A'tf 



12,4 J** 

*#j (6m) gjjL* J> 1 ^ Wfjf > *M (lOOmni) 

, ^ ... . <l63KRra) ^ l^*J (84KN.m) ^ 



(T) Ji-i ^ oiiuii tj-a^ JtiJi & 



6< 



1500mm 

4 



16Ay 1900mm 
&+b w ^ 2500mm 




300mm 

2 5m *f 2 5m" 

(12.4) JUJI ^ (17.4) 



M y =12M D + L6M L = 1 2 x 84 + 1 ,6 x 163 f >« M*$t" a 
M„ = 36]6KN.m 

M u/ =O.9x0.85x30xl00xl50Dx(485-5O)xlO" 6 M w/ w^-3 
M v /=1497.5^w>A^ 
^ = 0.9 j d-550-65- 485mm 

* = — = 0.038 

£y = 0.039 p -= ■ 00293 

h 

p msx = 0.0232 cA* ^ ^ (r 3) Jj^ J- 

A s = 0.00293 x 1500 x 485 = 2132mw 2 
^=-^ = 0.0147 

Prmn = 0.0035 & W ^ ^ W) ^ 

j*u- m cA* p<a j 0* -0 0203) jii &4-a (^) <> 



616 

(4028) A^ii-i 

«, 300-100~4*28 _ 2Q ^ K .^^cHL-JJ** 

^ oUL-J\, Ull oLU*iX ix&j £^J* J ^ * ^* 




h=550mm 



AaLuI ^laJU 

(12.4) 



300mm 



JO* 

(7 2m) dfe -U^j (75mm) ^ ^ u- ^ J 

v „u (d^SOOmm > (b=27Smii>) L^^Jj (I 2m) m & ***** 

,f c = 20M/W * / r = 40OAf^ J (7 lOKN.tn) 



Z?5^ = mOmm 
4 

16^ 7 + b w = 16 ^ 75 f 275 - 1475/tf/w 



b - 1 200mm J* ^t lc ■ 



0.9xO.85x2Ox]20Ox75(50O-^)xl0^ = 636.9^ 



-. 



^ m 0.9 J 
- (T) M u > M u j J L-j 

fc Q,S5x 20(1200 -275X75) = 2948mjn 2 
40O 

; ht 

M ul =0.9x2948x400(500-— )xl0" 6 = 490.84£tfjw 

2 

M ul =M U - M, a = 710-490.84 = 219.1 6KNjbi 

^_ ^ 219.I6*1(T« 

^/^W 2 0.9*2Ox275x50O 2 
G) = 0.201 ^ (c 4 ) «fc*# ^> 

:.p-m &■ = 0.01 

4 W =0.01x275x500 = 13 ^r>im 2 ^ v*-*"? 

.4 =^ =2948+ 1375 = 4323mm 2 
4323 

/x., = = 0.03 I 

W 275x500 

=0.0214 



275x500 



0.0155 tS*Wi if Jj-^ t> 

*W = Anax +p/ -0.0155+0.0214-0.037 



Pmin- 00035 

=04135 d£<3^m®m& 

m =Pt+Pf = 0.0135 + 0.0214 = 0.035 6»«, 

1375x400 
0.85/;/) 0.85 x 20 x 275 

_ 500-139 ( no03 ) = o.0078 
■"T"*"" 139 V 

^ = 9 ^ > 0.005 oVj 



- ( Irregular sections ) <*aUfl ubksLilil 

(T) J ifflg ** ^ J *-»^ 

Anal ysis J^a^B 1.12-4 

J_^_, (T) jLfi yJJ— » ^ U- U& (c) Oj^ 

. M n ^^^^ ^ 

n^i gn ^aafl 2.124 

J (a) LUuaJJI &*i J tf- *•» IK* " 1 

. 4-0.9 

S$9| - Q.*SfiAc UL - * * * *#* # " 2 

c - a t fi\ c ^- ~3 
e _ d ~ C c $ ^» J*i*J» jUiil CtfUitfl ^J 3 6- " 4 

fa £ 0.004 jl—£ tili ( 0.004) c (e, ) ^ " 5 

) eii-J £jl > o A J 0^ ^! j e*" n— j* 

^ ^ «Mfe (W„ 2 ) ^ ^ «»> «W (M.i) «j =0 004) 
j^jjiji (e, a 0.005) ^-^ >a-i s-'j'^ o*-* *4m W ^ j -6 



'--i j-fc i Jj 'nil 3jLJo.Ii ' ■■> j ^ «_i ■> mill f_3»JI yh« iJv 4j«j»irtfll jU-*li jjjSj 

14,4 JO* 

■i-}^ jL_S m^yfj, ) ) 4 mj* ■ <-i*Jt ^ ^ (19.4) J^l ^ A^>J 4+uill 
- / v - 400A$ni * /J = 30A/jw alp u-» Aj 4* = 2800mm 2 ^sUli 



• fy d u*j& 

0.85/^ - iUi:a, ' VI 

. ' 2800(400) ~ . 2 
. . A~ = - — — — i =« 43921 

J 0.85(30) 
,4 =15G 2 = 22500 mm 2 

43921 = ISO 2 +300 x :. x = l\mm 

a = 150+71 = 22 lmm 

J>i^j JJAM l3-*^ ~2 

c - a! f$\ = 260mm 



x 

T 




150mra 



500mm 

























►?> 



\Y.' V 



19.4^ 
(14.4) Jt^i^^ki- 



300mni 



~ = m . </ = -^1x650 - 390mw 
* 600 + / y 1000 



^VLJli c < C/> 



A/„ = C, (650 - 1 00) + C 2 (500 - 1) 



71 



A/ tt =0,85<30)[]5O 2 (55O) + 30O(71)(500- j)]xlO = 56%KN.m 

ft = izl 6u = ? 5Q -260 x 0.003 = 0.0045 JUtf u 

' c 260 

. = 483 + 83 3f ; =0.86 
=488.5 A'A r .m 

15.4 Jll* 

. f-^*fc> ^V>>t«P jMaij lP>-JI 

$£, =0.9(0,85)(30X150 2 x 550)xl0~* =284/uV,m< 400i^V.w 

dJLJi kic\5 JiJ j£j (a) iili-^iVI J-c- ui* 

^i/2 = M w -*S| = 400-284 = 116*7/ w 
116 x 10 6 = 0.9(0 85X30)[ 300*(500 - ^)] 

v - 35 mm <J* J*"^ 

a = l85wm 

aist*Ji ^ UjI^j -2 



^(400)- 0,85(30X1 50 2 + 300*35) 

.'. A s = 2104mm 2 
c = al p\ -218mm 



ilixz. C L_ u*aJ~3 

£ = 650-218 x Q03 m Q 0Q59 g ^ -4 

c u 218 

v^n ^ ^-aSVi ^ L^bikL. t^Lw a-UuLs £> > 0.004 oVj -5 

. ^L-j>« (#- 0.9) W<^4»^> 0.005 



c (lOkN/m) ^ ^ 0«J * fc =3 2fW#w < f y = 300A£w 

. Aatt ojjfl J*"* *- J *^' 1 

4^20 

Pi=? 



W h =]0KN/m 




4 • • • 



70mm 



T 



1 



270mm 



( ^ ^ 5KN/m - ^ J~J> =20M/m 

W d = $KNIm 




£30mm 




270mm 



. . A ftiiJ 3^*— — * 3,4 

^ 03j /y = 300M/HI 



^ J—J D "4 KN/m 




7 

525mm 

1 

75 mm 

T 



3^25 



300mm 



. 2 - c^n ^ ^ J-J M \ n - 400 **? 



.4 



200mm 



- 



■nilllll 



4m 



1 00mm 

r 

300mm 



- 




1 00mm 



400mm 

J-J 35 4, ' /J = 0.89/, ■ fy = 1 fi - 3W4» 




400mm 



lOOnim 



150mm 



150mm 



AOOmn 



500mm 



1 00mm 



H — H 

100mm 



a (<*w B » .lj^cu ^^^^ 7,4 



173mm 



1 



1 00 mm 



12Smm 



4* 



6.SCUT1 

1 25mm 



A. 



u?Cinm 



I* — 425mm — *| 



aJ h_L ^A_iJi ^_ J-^j (15) aij-a J! • *aa 
jU— yi aV- ^ J Lk . .Lii 4*di Ojj ^ J-^ U (22KN/m) 



jlJ ^ . (b = 2b) *M 6- , c^ua j> gsssJi*?** 

r ^ *iJ o» t^j* • ^J** ^ ^ 

• J{=20Mpa^ ■ ■» <^U» fcW-JLB 0*-—^ ^ J .tflOmin) j-i 

. / = 300A-//W 

. 30cm - Ji*& li^^tijk J ^ f**** 1 5 " L ^ 



: to fa J^V^-^H (6m) .J*. ^ ►Lii ovo (T) JS^ ,> ^ 1M 
nl-500miii J7r=l25mm . />„, = 250mm t fe = 500mm^^ 



(3ro> UjSj, & ^ (T) JSi > ptft ^ OjSS %N# 114 

^ jyjL-^ jjfcj JL-LX L-«~ b*— (10m) .J*- ^ *M* ^ 
^ aL^lSI -^j gkH y*fej ( bw - 350 mm) (150mm) 
.jb-Ju V - I^Jttt^l SUWLj ^ ujj J! ^V 1 ^ ■ (700mm) 
^KNta 2 ) *JaU *Jf fc^i (lO.SKN/m 2 ) 

^jjkjii. <^ji ^ r-Jj UjJ ^ Wj 

.(75mm) • j&i ^ & 
, j h ^ j <» siULU l+i^ ^ ( 600mm) o*J* ^ 124 

a ^ ^ . (543KN.m) .jMfc c^--^ ?Jf ^ (400mm) 

=20A//w i^S^J • (75 mm) <-^J o-D » 

. ^ ^jLol (<fi\ 2mm ) f y = 400A//W 

i L^ic &g c mi j>-^ W c-»— ^* ^ 13 * 4 




/ = 4QQMpa . fi = MMpa *% = 400 «W W 0* M V** 



150itun 



! 50mm 



5 00 mm 



L 



|« — 300mm — *| 



j,uji lU» o* u 15,4 

4L = 1000/waw 2 ,/ v = AQQmpa * /J = 30A//W 



,f' u = 2Q0KN 



250 



4m 



4m 



50 mm 




T 













400mm 



1 



4^4 UUl & *\ *\\\ 




Shear ind Diagonal Tension 

jjU*i*_L5 

tf^P — wm ( Tensjon) ^ m 

l ^ X ** *w * ■* ***** fi i 

VQ -<15) 



' lb 



My (?.5) 




^C^Jaiu fcgjj safe 



— 



j*2l cA4t»l - v 
. JJja jl JJJM . Jj* 5*1— J <■> - (> 



(HI 



4 * * —~ 

a | a \ 



^■■•^ 4^; ^gj -ct2 ^ " CT « 




.(4-5) 



tan2a = 2v/ / 

eM ^ ^ * ** ^ t~ **** ^ <^ * 

-45" 

(45 ) ^JJWajfe J>4l ^ ^ > *•* ^ 

& jl^vi m& ^ ^ *** ■■ **■ ^ : ^ 

0J k ^ . i&jp Urn *M ^) j** ^ ^ * 



A 



\ 



~79r 



3.5 ^ 



^> ^ £ (>HiJI J*^ AiU3 *UoiM ,_U<dU v J) JJS dU 

f- 5 ^.m** JjP- OJSSj WiJ 53 (45 ) *liU £J*J iSft 

■ (Web-Shear Cracks) oa5 JjLi ^*«u j JU-^U 

t3>^ j-Sjio Lr -_-jj 5_fcUfl gf_>iJlI j^t ^JjWJ J*-j £ V^-* uj 55 
.( 3.5 ) J^ili ^ JjLUl j-ul Flexure-Shear Cracks) ,jjQte$l 



Web Reinforcement >^UdJ J>a Afl 35 
*_liU ^jL-J i&j ^ jSsVl ^ H^Ji ^jtfyl a t 

^ ^ ^ ^ ^un ^u^s J us . (6Q - )J! (40')o* 

>ll JAU«jt ylai* ^ ^1 A^i* jU^S ^ j^alj t>j . (UU )J£-i ^1* 
C^Jtf (4 5) JtSttj . iU^i ^ktJ j1 (hooks) ciliSc us j*^ Jk 

^ j (5.5 JS^ g£§ US ) ^1 Ujli. ^ *l>1 iL^S Ofti* 

K-^ + ^+^ „ (5.5) 




i (dowel force) JjWJ ^ jU-n J*i 

<W1 <-j'u> j^ic UjUa] *W| Jf?*£ *M d 

V = V S +V C ■ 



f Shear Strength of Concrete) <IL- >iJJ ,>ai]t ^>jli* 
C $L£1S yjS^ Uiic. i j !jys -Jjifl Uijc tA* >JJ ^j-JU Cjbl^*] J 



= 0.3^_/^« ., ..,,.,„ (7. 5} 



b w d 




V 



(5 .5) ^ 



Cf 



. s- (jjaXti Jul 4_xLm11 



a^j vij^Ji i_pb ^ j (Web-shear cracks) 
. ^U! s >iB Um&J L-S . ( Flexure- shear crack ) 

^ (8.5) 



= - I< J^ + 120/»^)S03j3S - (9-5) 

A-/ 



. (bd) J*iB ^ ^Jywi ^ ^-a> 

Uj^ (ACI - 1 1 .3-2. tfcmm*^ ^ 0^*0* 

(105) 

.01.5) 



<1.0. 



-■ 

^lui — ' u*^ ^ J >ki\ -noL^ii ^ a^i 

. • '-,1 " 33fc ^ S y J 

j j <n Jim t_ji*J\ log 1 i <J jla— * CiU -a. J a^j y. «La|]1 Jjt lJf k. jpCu 

AjL* >il ^1 sA-»J sJttJ «WH iLUJl plj^^ g&ft ..(ACM1.3.U ) 

-:(ACI 11.3 1.2 ijii ) ^Ui ^ ^-J 

^-U + 7^X^>M (135) 

\4A g 6 

■( mm 2 ) JUL— - ^ 

-:(ACl 1 L3.2.3 ) o- 
y c=([ + ^L X K )bwd (145 ) 

vj w ^ ) *JU ^j^ 1 «S *j» - 

.Shear Strength of Web Reinforcement o**U ^j Uiti <mH« 

$38 ^ ^j^Vl ^y-S (5 ,5 jSLiB j**J1 t|»jA o-* 31 M U 1 
Kj -nA y fy, - (35.5) 



tj jtiSfl jjft - a * JpaJl O0 SB <*jUu -V s 

J&Ji ^jJc ^jUbU i.ij.WlH i_ulJb - (A )<u*4 l ^i 1 —*]' *>*o - Ay 

.(|JXJ) Jii^^jl^V^^UM. j^^^jij (U) 

-Ul ^jl^l ^-i (/>»</) gli (45 ) J#b1 • (-) tf* g!J^ 1 

s 

(ACI 1 L5 6.2 ) h^U- jjyg| cij* 2 #ft* <" ■ -) iff? W"| 
K, = SK - 06 5) 

t^aiH ^li ^jiJl ((2) ^jL^II J±a* 

:(ACI-11 5 6.3) ^jL-: 
^.(sina + cos*) U> 



5 



. CT - 90*^ (17.5 ) ibUJ\ ^ 3ju ^ (16.5) o 1 

,, )= K c+ ^=K f+ -^- (18.5) 

10 

^*<^ < 19 ; 5 ) 

.(0.75) L?jt-i ^ (<4 ) 4_jO-J» ja*. J-U- J 



J__«ill jj Qj-li ^* (d) j** -ii—* 0±» J ^ d 1 ^ 

^.j; ^.j i _ (d) ^ ^ <u **b <*j ^ jj^j lH ( d ) 

. Vu.Jl 4^wj Jut ii>J £ ^LU 1 



Shear Desig n of Beams u^fldl . naSJ) 5 j 
Minimum Shear Reinforcement ^> puUa , jAi juv - \ 

UjlL. <> Jst Wil 1 SJQ &jSJ U& o-* 3 £#U Jl gtfetf 

1|>a iIJ iL-jjJl <*,ti* ^u*J (12.5) <bUJi r ^-, - j 
^liVt iJU i^-ffl a^jIU 5jiS«Jt ^vtU o^fijl *JLdt ^ ^ ggy 



3/, 



j* (ACI- 11.5.5,3) *J$H 
(20.5) 



max 




:( ACI 1 1.5.5.1) UjJc ^1 ^m*^i1I U- >lt i-jtL 

- :(^2.5) 

- .^tt g^l ^loJ ^jVl oaJ» ^ 

. (slabs) oUOUH 
(fooling) o*Jt*-2 
.(Ribbed or Joist floors) <*Li*Jl «j,LJl-3 



Wi* yL (2 5) jl (250 mm)^ ^ ^ j^M 1*1** 5& ? ^ *¥*Jl-4 

^ /2 ) £M cP>j* H h j) c^ 1 

jRp ginn nf Web Reinforcemen t , Ufal« - m 

(4>l' c 12 ) ^ J* (V u d) m$ 0jS ^ 

. (^' c /2) ^ ^ju. o-Sl! 

- : ^j(JU«i- ijj-H Aio-^u (5.5 JS-iB Wtf) c^Ul ^ 

^kji iiuJ< ^ gijt?3fi J ^ • (16.5) aiaUJi y 




t^i) fflL-**3ll \ t^O—fl idLrtij (b) i jwi j -5 max ) 



1/ 

' .V EUill 



^max 



M U ^ y^J ( b ) ui-j cjjH uJj 2 J <>j 

*v min J! ******* Wj-waSJl 

Pestyn of Web Reinforcement c yaafl jji ^ - j ^ — 

<bUJ ^Aii-l< l+^J &*4j tfj^N j$a\i jjjSj N ..nlP 

Ay/yd 

*=—7T- <23 5) 



41aLuV y s v L*i. ^ dip. 



* • ^— ]7 - (25 .5) 

1 1 — 

— P 



'max 



dll 
600mm 
3Avfy 
hw 



(26 5) 



a 'max - 



J/4 

300mm 

Myfy 

hw 
\6A v Jy 



-(27.5) 



■IflK 

jS\ ^ ^ Sjl ^ (ACl - 1 1.5.6.9) Jjtf I ^ 

CS|^M!N^3 (28 5) 

jSp ^jtfeU ^ .j-i* ^ * 

J > e 3 * 3 

Ui S^tt ^ jj* J*« OA 3 j&h *Jb CJ*» 

J uji ^ & «-a jtptd J- JSj *W- 9 J 
0t SjS ^ UU-l J> ►»>! aSS6 J o*> ^ r 4 *** >= 

(s) ^jtfJ' 



(jtffl jt^lwS ^4m3j 6-5 
Design Proc edure for Web Reinforcement 

A^ ^--a> i ^ i^-i- f-jj <^ JJ»*-1 

^M! tih* < M c^ 1 ^^ ^ l ijS 

. tfeasM i3U ^ (14.5) J (13.5) J (12 5) 

(26.5) Mggi > t^a oM 

^ m «n (#y **** ***"* aR ^ ijl ^ (Kj ^ ^ 

(Amax ) j ^ fc) * ^ ^ vU ~~ 5 

^^^uJi (. v < w l^ 1 ^ 1 ^)^ 

^ </jfcfr >*j £>j e*^ c*** 1 " 7 



\6A V / V A V / V J 



) c >-*ill ^.j.,^ i- jlLJ ^1 ^L-s hk&y. (7.5) 



--■ 4 (133ICN) UJMjU Vj"- * (J-"3 S jl l^ik i*L-. ^LLail ^ll1„n V-j-^ 

1 



133xl0 3 =— (i-V30M) = 388.52 xl0 3 wwr 

2 6 



.-. ft - 509 mm 



d^lllmm Ajc ^ (b^500 mm ) f aii-l 



A „777 + — + 40 = 829.5 
2 

h -830 ram 



JaJ> 

$ t| U*-J U^ltol J«toJ» OiSS ^ 0&-a ^ ^ ^ jL J 

I33xl0 3 = 5(0.75)—^ >. bd = 38852mm 2 * - 161 mm 
6 

b-160 mm 

h -243+l2.5+5O-306min u:& ^8J ■ 243 mm 

h - 310 mm $Bft sUJi ^ilK^n 

3,5 JH* 

£gg d- 600 mm JL-H « b- 300 mm <>j» i^L-> 4ic 

-:*Jfc!t CjVUU o-Jli jaJ <* a» /;= i h - 675 mm ^£3 

270KN. U^bfo iU*i2i s>* ^ JUU; ~v 
270 KN U Jji- Vj^" M <>■ ^ _ £ 



Vc - -JT^bd - i ^6x300x 600x 10" 3 - 164 3 KN 
6 W 6 

Vc - (l + . 27Qx10 ^ \ ( 164.3 ) - 180 KN 
x 14x300x675 M 



1 % J jiv tSLj Jlljfc 



. 40 % ^j^j 4- jlLJ ^ jUoju Jib* J ^1 

^Jai-S j>a jc J Laic (8.5) Jiill ^ SU«2»^| <ilL.j^Jl AiWjl ^^otl JjJta, ^.wi 

jMSSNI ^r-^-^ 1 ^— aJ» J j (d -500 mm } JbdiS «>*Jl j (b - 300 mm ) 
ji { L_uJI jjj 4i. . „« ■ ) ^fgyi ^Jl CmJI J**J U 40 KN/m ^ jL*, 
/j, = /J = lOMpa ^iuJ 34 KN/m 

W N - 1.6 x 40 + 1.2 « 34 - 104.8 KN/m ^ I 

^ - 104.8 * 5.5/2 -288.2 KN 

*W " d - 28S,2 - 0.5>« 104.8- 235.8 

(#' c =*0J5 ( i ^30 x300 x50O) *10 >-W2J 



= - = 235.8 - 102.7 ^ 133. 
.V s - 177.47 KLN.m 



.^^J-LJU-uk ^<4^ c Ju, 
^jU. ^aL»JI <iL*JLi jtf^ < 2jV c J L*j 



i 



5.5m 



l2 



(8.5 ) JLi 

(4.5) 



c < 

•'max — 



<//2 = 250iMm 
600mm 

34 v / v 3 x 2x79x300 



474/ww 



fc w 300 



1 mix 



l£4*/s 16 x 2 x 79 x 300 ^, 

. = r= - 461 

V30x300 

= 250mm 

. £»Ldi) CjUU*j i>*4l ^fljwijj ( 9-5} 
^if/y^ 2x79x300x500 _ 



177.74*10* 



= 13 3. 5 mm < s 



500mm 



S92mm 



K aS ■ 28S.2/CV 



lh»8mm 
^ Mi 



(9.5 ) Jti 
(4.5) JUJ £*Li» 



* 101.7 KM 




a=2260mm - 
2750mm 



s - 130mm gWj 

288.2 - 104.8 a - 51 35 .\ a - 2260 rain 

-i ^l:Vl -i*JIj jJ-j Uimj ^iJI <sL*J< v Lo> 
, f . PUg* 0.75x2x79x300x500 in _ 3 « 



^mio +^=71.1 + 102 7=173.8/7/ 

288.2-104.8 b=173.8 
£ = 1092 mm 

c = A- 500 = 1092 -500 = 592 mm * 

I^Lcj \\,»*\\ ^> (65 mm) Mi Jjty *j>frl £*ai - \ 

, j (60 mm) 

-: > (130 nun ) 1*? 3fli*$gj jj£ ^jtraft - 

n -130- " 4 

( 8@ 130mm ) ^ 
60 * 8x 130 - 1 100 mm f> ^ SiUJt »Vj - £ 

j* ( 250 mm ) ^ *3U-S ^ J**' ?♦ 

2260-1100 

n - — — - 4.64 

250 

(5 @ 250 mm) j&SJ 

1 100 +5 (250 )~2350 nun J| i^jU. ^ -d-s ^ <iUJ ^ 
2750 - 2350 - 400 mm ^ ^ji— ±± ^fl iiUJ liy 

( 10 5 ) J^l ^ J11JI J 



B@UOc/c j* 



8@130cfc 5<&250c/c | 400mm 

10.5 JS-S 

(4.5) JliJl ^-aifl J^i 



5.5 Jfe 

^ L*S (JjwjL-i* OeU^J-* uJ^ J 3J*a- ^JbLJI <LJai— 5jjL* jj. (girder) 

^^Cjx* J*^j( 80KN) (jr-^^ J—LHtij^i J** JS, ( 11.5 ) JLiH 
( 550 mini ) JUift tfrtj (300 mm ) tf jUj 5j* jB ^JaL. . ( 60KN) * ji-ai. 

/<f = 30A//W i / v - 3QOA#wr J Lit tiUJl *$\ ^Imj 

h - 550+100 - 650 mm ^jUI j^L-sii J H - 1 

0^ = 0.65 x 0.3x 24 = 4MKN/m s.tf jJJ ^jfl ojjlt 

W' M =4.68xU = 5.62A^/ot 
P„ = 60x1.2 + 80x1.6 = 200 

V m -200 + 4.5 x ±—- 212.65 

^ - 212.65 - 5.62x0.55 - 209* KN 

j¥ e -0.75( -)-v/30 x 300x 550x 10 " 3 - f I2.96KN 
6 

^ C /2 = 56.48AW 



w. 




15m 



l.Srn 



1 5m 



a 



p u = 200&V 



(1L5) ^ 
(5 5) ^ ufijB ***^J JUA> 



^-209^ -112.96-96.5 
/.P,- 128,0 

- : ^jU < W« 



600 mm 
d/2'215mm 



<< 



SA v f y 3x2x79x300 _„ tmm 



:i00 



L6X v / y 16x2x79x300 



VTZ** V30x300 



462 mm 



:. W =275 mm 



( s o) £J*^ t^*** ^ J* M rt,v > 



i-5 



A v f y d_ 2x79x300x530 , 



P. 



128,$ *1000 



202 mm 



s -200m»i<5 max 



( l.5-0K>m^ 

r„ =204.22 >^' c **4 ^^So^'*£d^o^^o* 

gjgfrj 075x2x7 9x300x550 „ IQ -* =1X {m 
275 



,v mlfl 



.V 



j/ , =71 1 + 1 12.96 = 184.060/ 



te-f 204 22 ° 



u 



^ w =4.22<^K c /2 



(3-1.5 k>»*iKuM 



7)a20O-i4OOmin 



100 



4500mm 



-*1 



12.5 J^i 

<5 5) J&Jl j-»c*M 



^ O- { HX) mm ) > ^ ( W * fiP *tf <M **** 

1500 -IQQ M 7 ^SiU ^jt&i ^ ujii-oic 

"200 s j 

(7@ 200c/c) pjiSJ^ 

( 12 5 ) l^^c^^C^- 1 ^ 



d-2b ^.^^^OSH^^^^^' 1 
UL-j^^jb - 200 nim (d ) ^1 JUil! ^ ^ - v 

-2K. * b - 200 mm U (d ) ^ T 



— 6m — 4 



^ i d - 500 mm * b - 200 nun J 1 — J* <->-— 31 ^ — <M« 

r i J«n -_k*^, ^jWj ^ J**i .*V-ift d-UU (^10/200wmr/c)u^ 

(d = 4Q0mm <b = 275mntif y = 300Mpa<fi=30Mpa) .bJ ^ 3.5 

.^uail^ £jL-j liV— -i* -I 



mxnxtirm lung 




I SEH 



i.Sra 



.250 KN - U jbi. ^j^- LULJ»ii SjS js* - v 
. 250 KN - I* ^J>" J J 1 



ft, = 4 50 Of 



3m 



3m 



2m 




tf )^i\ ^i 2ft 



4025 




6m 



• 



c/c 
IQOmj 




300m 



fgkgft ^ - (AB) ^ r- «l« ***** ™ 



P L M20KN 
3 s J~ sr* 



I Xrnrr 



W,,=40KN/m 



mm 



J 



2.5m 




500 mm J 



iji Jin 1 ' 



D=20KN/m 
L-25KN/m 



illllUIUI 





'0.3m 



6m 



it 



6m 



J 



3m 1 



(Mr-, 



Design for Torsion : f\?*«^ 

ij) cj^v 1 ^ jic v J» ^ J! ^> *M *M^i 

.^iiij ^-jb V- 5 'j^" ****** u& 

-: ^ ^ Jo 

L_JLuft jJj-JiJ ^ j* j - : Equilibrium Torno g a tt fl* U * "...1 



jls ajs* Mi • (B) ^ «^ r> 0* (A 6 ) $0 ' ^ 

(CD) *>U^^f> 




(PL/2) r J-^ 0— J ^J-^{CD) ^» u& fl . Jiift ^ 
tr*LJ jYI t^ji f >j' j* j ^Compatibility Torsimi -m 

(B) J— LJl 0* JJ^ Cpd^3 *W?J cJ M** (CD) j (AB) Oijv-^ uUj^ 

M4 ^ ^> ^jN (ab) »>* f > qj ^ ^ &j 
jL-i a__*^ | a_u* (CD) *>^Ji Ji» ^ K W 4 •J^ 31 csMj^ jUj ^ 

. (B) j (A) i-ic S ySj-S JS^ J->Al J&3j OjSi (D) ^ JL-3VI 

^JJl r j-c oM^^^j^ ^>** ^ (DC) <^ ^ W«* 

4JbJ . ^ jSj <AB)*>U ,>j 3^ 

*i>v »b*s)n j g4y &4i* w$i ^ ^ w j^i> 

ij^s Jiji is ou^e ji Altai »i* ^ &m 

(Cracking Torsion) (^L^SU ^-J ^> ^ ^Jft f > jLSiH ^ fcL,>JJ 

^ Aiw- Jl— ^ Aj^li J&.\ fn (Thin- Walled Tube) 




(t) -j vjJ & <s± r% ^ J* 

(q) u-S jL^ J^^lc ^ M*- pSj fcfe (2,6) ^ ¥ 
T-2q o x o (y o/2 ) + 2qy o (x n) - .0-6) 

-: C&<1* 

T = 7qx y (26) 

r = 2^ ~ -.(3.6) 

q = -^- * (4.6) 



4j» (t) juji > o-a o*o- J-»* ^ o s 5 ^ ^ 

r= £ = JL ! (5- 6 ) 

ui^flO^" ^ * 

(6 ' 6> 

Li >JU frJA" ^ *cp ®* t?* «* U>J * J 

(o.s) j! t&m *~ J! t*-* <*f » ^ ^ ^ w a 

-: a ti (6.6) iU»J> jtj*-*i> 

T - l »A ( 76 > 



^ p 3.6) ^ *a ^> ^ ^ J^m^ 

C ^ **** * ^ 3 6 j (60 M fc* 




jj^JjA ok?-^ <-^^ H' ^ uJ 55 £p -jfeW * 1 ^ u fiw 

= 2(jc + y ) u* 21 cky i&N Ml ( 4? A = J 

j ij .-^ i_J . oo^Jl JlLA j V*JI V analogy 




(4.6) JS-i 



o-rfVl afeig! ^ 0*J &JV* 

Ta=~~ • (8.6) 

-:(\ . 5.6 ) JSu» ^ M*» j4» B?£ i> UAjJ ui-j (K 4 ) Sjffl cj 

K| p Atfyji. (9.6) 

- (hj^'i) ^j** j^JJ^ j^Jt -f yv 

n = y o Cot0/s —-di/ 

K 4 = AJyvy ° Cote (106) 

s 

(8.6) (10.6) 

{- ^k .(11.6) 

25 




-: jjj tjUAjJil J-H^ f^J 
- = j, Ti= 2*/j»JW> M& 02.6). 

"(4* « w ) MM 1$ * I ^ ^ UUJ * ^ J 

r JJ^ih^a&O (»•«) 

j_s uj-ss ^ J! m • «->■ >H 

(v 5 6) j^a ^ **** # JjS a '' W * B ^ 
*<«K 4 «**«4^col*A m 

„ = £ Ni =± f J^2U +y )cot 2 & (15-6) 

s 

-: (N) j-di ^> %J ^ Uj 

^ //y= ^?L ca t^. (16-6) 

-: (ACI- 11.6,3.7) ^ US J 

A^^LpMcoi^ 076) 

9 fy! 



^ — * 3 ^ii— «.J (Apfy) — - J_i^ jSj L >-21 jLj^ Jib ^iUiil 4iL— I 

• =0.85^,) £jj ^ (0.85^) yf ji^j ^ * ^LJl ^YjUJI 

* ' ~ ^oh i Ph J) kj^- ^3j> tr*^ 1 U 



Torsion plus Shear i s t jSi Jil.a 4 T $ 

J — fe^l Oi— ^f' fc&J MWJ ^ (>i5 Cibl+&.J U ^S\ j 

(js* i\\ Obi, 4.>l <>-»^ JLoill [J*. ^Hlj j^ill ^jjaII ujLo, die j^k-V 1 



r = — 



Mi (5.6) AhuJJ u>* tmiS t£ o^ 1 U 

\ mm 

r**»*r # -^*4% (20.6) 

ut .-> in nj J Aa. j as j **Act aLuji ljl*.^ Vj..-. ^ jii ^ ^^at lii^a.yi 

* 11A ah 



AC! CODE PROVISIONS , Jft cl&u* &6 



(ACI 11.6.3,5) ^US^j 

7; - - (22.6) 

0.75- *-j l Jufl J-U* *"| 

. (Factored Loads) 

j n J^lh^ m (23.6) 

s 

0.85^- j-Sl J^- ~ A o 
ii^^j>(d}45U-jJi^^jo-^^uIj(ACI 11.6.2.4 ^ya» m 
« J ^ . v, ..«n > (d) ^ (7;, ) f > u-iil 

^_J} i^L— oAj iij* £3ft C M u}i (T) J*-* J* 

dfc .. <*J (2) U3U» JU J Jc-t <*^i t^J (I) i> t^ 1 S# 

(<3.6) JSLJAIj <^jLan j-SI^ u*Jl ^1 f jtt ^ ^t~» a" ^ 

.(T) JL5 ^ j ^ > iwJl J *LkL*Jt if^y^b 

-: (ACI II .6 1) ^1 L>lft ^ H ^Jll JLuJ ^ 

r„ s^4K{4pipq>) * - # 4 6 > 




Q c 


n0l 




1 








i 



(6.6) Ji^ 

2in^ ^ulj (,4^) 



W J** -:(AC1 116.2.2 > 

~ f ^ ^* «w mm*m*m «* rfffgj** 

_ : ali ^ . m> «* * 

H 2 (26.6) 

<$ (20 6> <> tJT* o*M*J 

M i.7^ M 3 

m0k®®m - mm 



r u P h 



\.7A 



<0.63^T (28.6) 

<>_»Lu Jobj J ^i*i.-J' jUJ siy <^ (28.6) (27 6) <bUJ\ Ji^ ^ 4JU y j 

Torsion Reinforcement ,■ «in 6.6 

^ US j ^ln ^jt:i |^) j ju, i*L* . yL#* (23.6) AhWA [>« 

4 -^j"^. = ,,i"r (2^6) 

4,-0.854* ^ 
-: US jj£5 ^«Jl ^SL. *»L~ ^3 $m -lie j 



no 6) 



~: J JSlUj (300 /??/??) 



.01.6) 



t < 
"'max - 



> A /8 
300 m/h 



rf/4 
<//2 



(326) 



(33.6) 



s 

, ^H-H 5iU-H ciULi. ^ t^Wi 0^(29 6) *LUJI J-Vy— 1 

-:(AC1 L 1 .6.5.3) (>> J w ( A[ ) J &s 

5 4ft A cp A Wu [yL (34.6) 

(300 mm) &-« «0N J ******* 
^ ^jLJi t-iiJ 1 t*s* ^J 1 ""* |i ) ( r » = ^^ A h> ' / V ) 



. ^iij <,pcp ) ■ t 1 ^ 1 « J 1 - 5 

•oj" & #** **> * J* w ^ 
. (28.6) . (27.6) ov^uji iaj I* CJ "J' ^**! -J* 4-3 

u*»a vaj j-a (29 6) > UL " *- J " 4 

.u. o*** 11 (O^ ^ <30.6) ^> r 1 (2S- S ) 
(33.6) J. (31.6) oVoUJi v- <tJ& jK** **-"» 



^ a^BI (34.6) j (17.6) *bt~* i> 

. iLL-H 1 jisfl ^ ^t 1 ^ fci* ' u ^"^ 

1 <£ 

<il_^J j | ,ni ^-U ^ C/J^ JjJ ~ : ^ O*® " 8 

^La ^-3J a^jj 0* *UJ» . <^ ^ ^j-^-ll 

^ * -T-y ^ JA s t=JV ^ WW ^ - ^ aiU - u 



1.6 Jl* 

4ju>n sifc* i£ui£ i at ^| j ^ A-jii-i (7.6) Ji^n ^ ^ 

•lOmm-^U >» *U*iJt- = 4OOA//70 » $ - 25M/W * ( 250mm 

W h = 0.45* Jx 24 = 7 56KN/m " IM ^ 

Ff w =1,2x7.56- 9/3// m 
P u =210x1 6 = 316KN 



T u = 336x0.25 = MKNm = 
f'W - & - = ? 63 " 63 * 9 = 357 33 



Acp = 450 x 700 = 3 15 x 10 3 mm 2 
Pep - 2(450 + 700) » 2 3 « t O 3 mm 



i . - ± = — V25 c 3 1 5 x 10 ) x io- 6 = vsmmm 

. ^ tt£ ^uJJ ^Lu AjIc T u > ?Vnuii 



_ 250mm 1 P 

7.56 KN/m IP=210KN 



|R -3J6KN 





7Cmrc 



450mm 



363 Kl^ 




7.6 

«g4 K^J tn i^ji j^us 



„.450-2x40-t2-358 — 



700 -2x40 -12 = 608 
^-358x608 -=217 .7x10 



-r 2(358 + 608)- 1932 jww 



'357 33*1°^ MxlO 6 ^!^! = 2,38 < 0.63^/7? 



6K>*450 1 1.7x217 7^x10 



4, .0.854* 



»0.85x217.7xlO J »l»5x 



10- 1 



84x|0 6 .<r 



=0.757.5 



Wofyv 2 x 0.75 x 185 x 10 3 x 400 
V c = ~Jfib w d = 7 V25 x 450 x 630 x 10~ 3 = 23625KN 



We 



'im 

V t - V n - % ~-^--Vc = - 236.25 = 240. 19 KN 



75 



F«* 240.19xt0 3 s 
/L = -*r - — = 0.953 * 



400x630 



Ay, =A V + 2 A t = 0.953* + 2x0.757*= 2,467* 

2x113 = 2.264* -: Jll^JEU (jH2) j£fl9| 

* = 91,6wm 



5 max * 



/' A /S-l932/S-242mm 

c/ / 2 - 3 1 5mw 

3 ^v/k 3x2x113x400 



<V 450 
t&&j$ 16x2x113x400 



a 6Q3mm 



Uf£*w V25x450 
/. * max - 242mm 
* = 90mm jKiio**t 5—91 ,6wim j]ls <Je. 

Aj = ^-P h ^ = 0.757 x 1 932 x 1 = 1 463/w/n 2 




'mm 



fyi 



12 fyl 





Stirrup. ^12/90mm c/c 



"Ml 



450mm 



(8.6) 

(1.6) JW^^^^O^*-^ 



, ^ — s ^ «W (9.6) w» ( 8 m ) U3 ^ J> 

ijJ ^ (13KN/m ) J MJ,«We>«>^ I* & P-«NA« > 

Jt-fl o— * • m *** U ^ ^ 

^JT - (45mm) >j- J! ^ «« * < 550 *» 3 

f y =400Mpa f'c^SMpa jW^^j 

-:J»JI 

=1 2( 165x0.15x24 )+1.6xl.65 x 2.4=13 46&V//n 

W ub = 1 .2(0.3 x 0.6 x 24) ♦ 1 .6(0 .3 a 2 .4 + 13) . 27 1 4 JW / m 

=13.46 + 27.14 = M.bKNIm 
13.46x(i*- 5 +0.15) = 13.12iW*,/« ^ j# f> 

j&g = 52.48 - 1 3 . 12 x 0.55 = 45.26KN m 
y. = 162 4 - 0.55 x 40.6 » 1 40/CV 



Acp _ 3oo x 600 + 450x 150 - 247.5 x 10 3 mm 1 
p, = 2 x 600 + 2 x 750 = 2700mi« 

" =0 75(l)^^H^x, ^8.4^. m 



umin 2700 
2^-45.26)8.4 gjj 




5248 
KN.m 



162 



(2.6) JK-U (9 ' 6) ^ 

^600-2x45 = 510 



^ =300-2x45 = 210 
" _ w ^2lOx5lO = tO7Jxl0W 



5 2 



^^O.SSA^ -91 x!0 J mm 
ud 300x550 



3^ mm^&^ = 3 .34A6» 

i^i" 1 _____ 

a^s^^-^ssft^ ******* 



oh 



A, = — ■ 



45.26 x 10° s 



~ 0.829s 



iMofyv 2 x 0.75 x 91 X 1(T x 4CK) 
]. r^r. . 0.75 



</>V c = 0.75(-)V5; M - — ^35 x 300 x 550 x KT 3 = 1 22JW 
6 6 

^ = ^ - ^1 c -140-122 = 1 8/TA' 
ft = 24£A' 

= 24x1000, =Qms 
^ f >v d 400x550 

-: JLi aJc 2.4 6 = 226mm 2 Ji(# 1 2) >S ^ j^l U*iiSJ lil 
2^, +X V =226 

2 x 0.829* * 0.1095 = 226 h $ = L2fcwn 

s- 120mm p&JlJtffe 



1440 

P/j/8- — -180*wj 



100mm 
a 550 



8 



- 275mm 



— = 3 x 2 x 1 13 x 



400 



frw 300 



[6A V J. V 16x2x113x400 ol , 

— , = p= — © I Jrtl 

Jfib w 735x300 



m 



^12/I20mm ^UgjJ ^j<0Wl^ 

. jil*J j t>( 60 mm ) ^> jj J J J J*. 



A X = 0.829P,, = 0.829x 1440 - 1 194mm 2 
A X = 0.829 > 



300_ 
6x400 



5 fc^J^L- 0.829x1 440 = 33 1mm 2 

^^^^^^ 

i -Ail J^^ jW ^^^ 

^ e uhp «M <a» j*» ^ v 

,62.4 - 40.6* = 61 ^ jyU J-| * V* 

■• x = 2 - 5m u^aM**"^****^ 

^ J ^ »-» *• « ' % (760mm) 



162.4 - 40.6* - 122 -•■ * *W ^ 

r H = 52.48-13.12 = 39.36Wjw 

** T u 39.36* 10 6 ; \. 



7a s snax. 



$ 2x0.75x91xl0 3 x400 

• Tii = 34 24 x 1 6 = 34.24/OV ./» 
52.48 -13. 1 2* = 34.24 

awl *M «> 60mm ^ c> a^J " l 
(120mm) !«*iMi| ^ 



1390-60 |. 
usen4\2l\20mmcic 

4000-1380 



180 

14^12 f\H0mmc/i 



= 14.55 




|'ll/120mm 14/ 1 80mm 



I /60mm 

(2.6) JU^^»C^^ ( 10fi > 




M> JkJt . (precast beam) l&A J* 2 - 6 

J* Jlulfi d^Jn J**H 9 J* C^ 5 ^ >*SfcN *M #J * **NI 



TF 

6m 



6m 



6m 





2D0 

mm 


: 





150 

QllH 



300* 3W/77W - tt-e-Yl 




6m - *j*B 



j 4 ^ ixLu {90 KK) - J^u J*» ^lii-fi » &i (girder) i^M 3.6 

h=50Onim * b-250nim J - (0.6m) l* J±-i* *—t£j^ i ^ c - 
4_Jl^ ^_.^yv . d=425mm JUil ($*Ji ^ = 410mm i#£ = 160mm 




TOKN 



600 
mm 



L 



|JO0 
mil) 



Elevation ^-i 



250mm 



h f m I25m« « K = 250mm « (b = 12Wmm) ^ 4^4 ( l0m > 

.(7JW I m) #M &0 ^ ^ 1 d = 500mm * h = 625mm i 

^ ) 1^1^ *J >j J* M ^ [ ^ ^ 3** k* 1 

c^jii. jijsv ^ l o! t£»i# fc^ 1 ^ **f 



' ! . . 

Serviceability of Beams and One Way Slabs 

^uia 1.7 

VJ * J£ Jj*-* ujj MBl \«Sjj^ ^jUi jl^Vi J£ spU^yi 

U* g^yj Oa^-A ^2 iij^jL-V 1 elf 

. ^jJUjJI ^ Jcj *L^I JUJ 
^ j>j J L>Jl jSl a^i* q-j* (Deflections) jaJVl a 1 - 2 

■kj-f* «Ab W -^ J j 0-Ujflj •b>Jlj jj^ J) j j2I ^ J] 

<> WSU fckU ijSi Jj ^ j, jt jn! j 

(Control of king} cittJaJt S JumJ* 2.7 

J 5 ^ 33 tfj*3f ^ M»3 J j xiU ^jL-jiil *-jliJ Cjltt&ll tSa afl 

• o^jc- J^V> i j US J+*\ - 2 

OL-S UJS Aiki-J ^ jUii ^ jljj] US ^ - 4 



w = llxW~ 6 jBf s 3fcJ. j l7) 

(L7 jsjji J=*.v) — - JjUji 

. (Mpa) tSJ^jf dU^V 1 J$2 t&u ooaJl A+jJ - 

■ (mm ) jtj.ntU <U 

- ^iai*Jl jykj ^JC Jilt / y =r 0.6 f v 

(AC! Committee 224) jjiil ^' - ^ ^ tf* 1 -^jj % i 




(mm)ii^ o^j* | 




041 




31 




0.18 




015 




0.10 





-:(/*C7 10.6.4) *jittf *1>UJL U^l «> UjSlj* ***** $3 
jss 95000^ 2 5Q < 3 00(2 5 2/ A) . „ (2/7) 

A 



^U* <C*A jL^c-L J j£H ij Jji^ai *i*>; v-»*J ^ %#/f 

, (0.6/,) 

. jj^USl ^ JJ ±M <*j a- 

1.7 JO* 

.jli ^ f > ^ ±L*i (2.7) t&ili ^ (T) J",A^ 

■ ^jl* ^LOli J^Us gjtjft "ii js . gtjfMl ( m) 
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0Md b f y - 0.04 x 36* 400 = 576/™ 

Or = = 657mm > 300mm tfi <Ac . c&xrt j^A y 

(l s ) Ji.ua Jjl. {^32} VJ ^ffl U 
0.073/^ =935*w> 

silki, (525) j-^St ^ti ^^LsJ) (0.83) 3^ 

.QQIShs = .00 15* 400* 525= 3 15> 2* 113 

. 4JUI -^1 (0.83) J^i lUU- f loiJL,i <|k 
Eg = 935mm Ji.»juli <Luaj JjL ^ 
A v = 950mftj ^aiX-u 3*JJI JL*L11 ^pj 

7,8 Jilt 

. (300mm) My *iU*il(^12w«) «> oAi/** jJ« ^ J t-1* <^L*Vi 



L,y - O.Q73fydb £ 3Q0mm 
L s = 0.073 *350x 25 = 639m/n 



s ^J^A 4JUfl UUJl c>\s $ j±% c>-liil (0.83) J-U^J 
0.0015*5 = .0015 x 450 x 300 = 203 mm 2 < 2 * It 3 

L s = 639 x. 83 = 530mm 

-: J) (^jl— j*t\jSl! <jV-aS J>L j jSj Ijjj 

L = 530 + 475 = 1005mm 
Bar Cutoff and Bend points ^ ^ iffi ! 10.8 



J A* ^ILJliLj LrJtSU jUJ ^ villi aojJ! ^-i fc^ 1 ^ 



A^aJ , J5 i mJbil 3u Jail! iaULjJI - \ 



T — Agfy " 



- r> U^ jy-Z • cli^Vi r > -M ^ 

i <^ u* jys*i m,) ^ lA* (/y) ^WV J) ^ 



JSB J*i*3l J! (A s ) **** V s U# U li*/***** 
mM^mp. ~<U*> 



. ^ipjl g&l >>» - jgUil ^ ^ " M 

3 MB jL^j ^ frij ^if-il jjjuJ* »Jg t/3l f_>J J^j} j^i 2W W *> 

jL_*j ^ j u-M*** ^ i ^ <> ^ 

3 fe, ^1 *jU f >* (12.8) JS-iM . s>SU fc» 

1 .-^ (100%) g ^ ujSS X* j^JUj • (100%) jiiLJ jj$aJt 




(12.8) js-i 




(13.8) Jii 



^j— J\ ^^a-U Jl— a3l pic t-iu- ^1 . UajU ^Lasj .j^Iuw <a«] ( 50 %) fejUatl 

• 4^>- ;»> f> Jj <ibs-u ovl-u 

uj- 53 J qI^i j^. ^iaii Aiaii *iL*Ji ^tf <k (/ v ) 

;(&0> 6* J^J J ujSS J m~ ^WB <iai ^ 

-• <JW iliill yfi JS.S3 J M^f ^U-ii pLu ^ cu^lll tiiUlkL. li U 



u^j ^ ^Lai «uji J ^i£LJi i^ii X^aty t^tf ^ ^"c 

*^krt UJ&j vlUi ^ ^ js ^ ^»>ii» ^ 

8.8 JO. 

(2.8) JL-U\ ^— i a frB »1 imtVV iiA^i. ^3 3 4^ iJ ^ ^ 

.(5.8) JLiJl^^^j 

^) J J*c\ (1 1.8) *J?^ f> C^i 

-! ^ US *iUJ AjiaJl ^JaS iic ^JaUI *U*#( 4rfjtl* f> 

p _ Mil = 0.0075 
2 



Jc 

= 09 x 0.0075x 300x 437 2 x 400(1 - 0.59* O,0O75~5) x | -« = 1 4556KNjn 

jpa W . ^. ^ua a t^LM < tui i (145 56) ^ ^j- 

. (14.8) m-ii o-iN i^j^i ?3>n d J* 3>A tJ*-« 

235 8-145.56-^^- *V^<«$*« 

1.86m - ^ ' i.^iu O 6 - 1 3 * 21 
.v = 3-1.86 - l.Mwi ***** "S* ^ - • 



52 4KN/m 




9.8 Jli> 

: ^ <£J Hyij ||g *JUI ^j>JI J ^ ^Lijyi ^ ^ j \ & j^T 

. *\j*Si\ Cj^UlU uLJI -LOaJI Ji i^i^J'i iUUfl- ] 

. tLaJVI Cjliikl. u-i v>IUk J^laJl ^iE 2 
• pliaJV^ (J^jUxm j-jl 1j 1-> H < i.ni ^ V-.l1 AalM-3 

fy ~ 



ty22 



3^25 



W„-60KK/m 




iSOKKtn 



(15,8) ^ 

(9.8) u&*U *<£^ 



^ Si!i „» >- ^» <> •>» ««i ^ J ^ ^ 



60KN/m 



170 = 60* 
120.8 = 60 



x= 2.833 



I70KN 











1— d 







- 30 J 1 * 
2 

_u CJ i. jjJI ,* j *JI (} i-u*. j Jwalll tih^ * ^ Vl^LLiYl 4-kIi <jiL«j 

120.8 = 60c/.- , , "Tl^ B3 . . 
/. d = 2m 

(0,833m) ij-Jj >$l afrrfl <>_j [> sjIUP ju.isJI ^LS <Ui jju ^ £j 

3,167-2^1. 167m J& j^Vl Ai^Jl <*j&i*jU jjfi^ . 

frllajyi dllikk* <-llUI iOaJl ^ j_kC A^J^A <AJjJI -2 



1 f 

VfeG 



M= 
1 ) 120 8 



A/=-xl20 = 40£//vw 
3 



^SiUt ^jJLJl iiaJj tUaJYl j»> 



170**40 = 120 + 



120 



60x" 



1 70KN 



JL^mK 4a j4 > <0.52m) ifj-^ ^jiiiH LJILJJ ALU>J <Uj J»J J ^1 

- (0.71m) (/jUS J#*^J t-JUJ J^iaJ JJal jli <L^l»;i u**^J 

^j-B jpaJl i-k^iS ^ tjjlttll UaSjSI-3 



2 

Y.M =Q 

60.4 + ^- = 120,8 



60.4 120. 



i i 1 1 i i t 



P 




^Ui #S ^ i)* *^ ^ 
. .^,1 ^Jaill AjjLiil iJial jn-^j; (16.8) t£3*J 



2.833-1.42-1.41 m 
3.167-1. 42= 1.75m 



-: J<&3> m***i'iU frill ,*ia^ Aiit\iH rJ ilh'irt^— «-> 
. (^_>3 JL*J) <ujLJ JU^Vl J ^—Vi 

ji ) ^-J) ij^— AiL- i«j J tl^ Jl ^ (AC! 12. 103) j j&fl 

a^iaJl ^je. i^iiill db U-iio ^Jai? ^jJI AjjkJl ^JcJLklt ^ {^£3 U«l) (12^ ) 

CjbL.pl *_>iUH £ _>2l u-J^ <&*i L* U«jK J /inn J i.n.rffl 

. ( e^) «i*^ufl J^l» ^1 -i^ ^ ^Ji ^UcVt ^VUU 

i^UJI f_Jc .lie. AjAaJ^ l^dl £i3Jj ^pjJi JUidl JjC. J ,J >Jl Jit 

mH&(ACI 12,11.1) ^oU^lfl i^yi^^ j^V-^ ^^lj 
<|) J-^ 1 <>■ <J (ACI 12.2.3) <~JLA ^iaJI U js-Ji jib (150mm) 

,(2 ) (17.8) ciS-i ^ U^ui J, £ uJM^H cm 

utH *iUa Jcv d j& P >a y^-j »iaa-B <:_>kiii ^Joiii all ^ 12^ ^ 

• (O) ^i—J 

16 

< (^) 0^ (d) ^ ^ <^ J, (b) ^ ^ asuj jcv J 

> j^l ^jifl JiiV <»U- J I+jU (a) <iv>*n o^-n U 
r-^ ^ on J&l J ^Lii ^ 12^ 

(*d) ^J^^(c) u'^» . j)^ ^Vi 

. jjS L^J oi^JJ Jilj (150mm) ^ A-j J <jJL$ ( a ) ^U-aiJi ^LS ^Ui 

yL^j <Jc Ajj*JJ i _ M aiS <^jlL. jL-aL ^^11 ^jj^j as j <£. jiaiJI <A+ill Sj^-a-J 4lkl«JI 
ACI ) ^-LU i^ljjjyijc^^^^^vjuliiu^ 

. (12.10.5. 

y u ilt(V e +v s ). i 42.8) 

ia.Uo_^B l'h . ^i Sj ^ .4 „ J tjl^jaii) ji^i J Jii J (36mm) >Uj ch^SS^l 




mm 



lo ■ 



j* ^jui j^ji 



* x 



H — H 



a 



(118) 



> 



As provided * 2As reqv j rec ( ... . - V 

VuAm+v*) - - ° 4 * 8) 

A 



£ i^U- g£ will - /? A ^ {dl%p h ) j 1 ^' 1 ay oliUJi 
Kj ... j— iVl Ai-^SI JSLiSI &k <^ .(3 fSj ) (]8.8) J^SB 



L 



Li/4 



L,/3 

h 



L a /3 



, U/3 
U ► 



i 



^ 1 * <"' m n 




Mm 



L 2 /8 



150mm / \ 150mm 



L r /3 




r 



W3 



V 



3 



L,/7 



1 50mm 



L,/4 



150mm 



aha ^=3^ 

150mm isomm 



<dxli* >j^d{ dJ^Luai ^1 -LiuiLiP 1j ft ^jj j *_!liJ Jalt! 



Special Requirements near the point of aero moment (AO 11.11.3) 
fi&M 6* ^ Jiiai ^ftS Jj^» Ji*j5 J* -i^l CjULbCUil ^ 

J< *-H US f >Ji iii- Jtf 3«lVrU % 4U*j &ii J* 

•(*</) l>-« j4» J tfjt— ^ ^ (c) t> Jji* l*J J MHJ 



4 



, Uisul Aa^TiU <Lta_J' J Al*?j\ 4 Vij.ui 4iL*J j a^uU * 

aLjU ^uS-j Ote.1 <J*2UII VfrlJj ^(J> ! cAjli£* l> 




ViiSlStfl SJa*i ^ OljlVi^ ; (19.8) ^ 



i^j j-u tfJ w J>» f§* 0. <*> * ^ ' 

^ am ** 0jSS ^ (z) pJJl E,ji ^ 

__dr_ = dM_^v_ (15 ^ 

W ~ dx " zdx dx 

^^^^^ mHW ?*M9 *l Mrt rta Si 

MP J ^ ^ ^ »* ^ ^ ^ (a> ^ ^ 

-Wrr i (16.81 

. iin lUrff^iriy 1 W*- £w 



"**kj ^ uM -»J ^ J-U^aiVI 0^ Vr.;,., i^iJl d^j 

*<,SL3&+£ .(L7.S) 

. 4i& eliajiU A«^VI - j^f 

U^i iiik* ^Uu ^ ^LUt ilii ^i*: J s jSll jil L&Jl ^ ii^Ui 

5— LI: i*. V^k~ll *SUJI sJUl iaaJI js. o-j (150mm) Jib 

^-WJ fj^ J L>^ ] <m±i* ji uJja Oj'jS (>J S Qlj.frfll t lbJ>J 

■ (cantilever) cU^J ^Ujj ±L*A\ \^ u ^^liiJi ^ai 
sM"* £ J& J± i jjM* <i>i3l 

JiJSVj ^ fijaj^J ^jiUj A*L— fl ck^i t j^-.n ^t^j], - v 

4 



As provet ied ^ 2 (2) $JLflf jl j& vjU-* J} JM ***** *** ' 

As required 

4 

^ jssv <»l^ Jji- J* o- 21 ^ ~ : c 

( 4 V?) ^ ^jtOU V^V* ^ JiT," J Jc^JWa^O. (^d) 
(j4 v )excesj £ — t — 



3 



4 3 

*_JU ^_Jj i«J Jib (150mm) CF- ^ ULa * ^ ^j- 2 



ICS .Jilt 

£_LL 1—3* (200mm) ^— — M J-^b u^— ^ -w (2.8) JUJi <^ ^Ji 3>JJ 

-300mm ™ <jj*11 jj*-* *^ fc ^ (j^ a J CL 



. ifeA ;jjSUi til jkaJi ^ ni.. -: JaJ) 
J t-ia^j (8.8) Jfi*ft ^ UjUj) ^ ofj lfUH (1.86m) ^ ^UJt <iui - 1 

-: <y. j|S$fl ^-jfll £j)Lj UU- jL^Jfl jfi-s 

cf = 437mm 

12<fy =12x25 = 300mm 

Lj =1.86 + 0.437 = 2.3m ^jLu asU* j*£ ^^O 1 . -^k> 



(2.8 rfU &*\ 



300mm 




= 940mm oU >^ cJ 1 ^ 1 f 1 
1^3 US {^d) i*^ * (jLi_iiill *UkifcilL^ — ^ 

cj -c^ =63 mm 

c$ =(300-2x50-25)/ 2=87Wi ' 

I" 

c^^c^ .\c=63mm 

- Atrfyt 2x79x400 > 
^ law 10x200x2 

c + kp 63 + 15,8 



0.9x400 



-26 3 



d b V30x2.5 

» 26.3 x 25 = 658mm 



4 



25 



= 3.152 > 2.5 



( 2.5 ) f vi-,,.l 



. <_j jjikJl ^iaJl - jfl j*t]l J^lskJl jj^f JjpaJ\ »0\jj » .«* .* | -^JJV J 

L x = 2.3m 

~: t^ji-uij (Jj^ • ^1^***^ Sj*»ilb lai 

Vov«*«rf = O + 05) - 1 .86 = 1 . 19/n > « rf 

. <j>*-»Ji lOsUJi (20.8) J^5) j 

-:(!) *JbJI 

^=52,4x2.3^1 20.52 £W 

K c = i j£ = iv30x300x437xl0~ 3 =ll9.f.8Ktf 
6 6 

^ = 2x79*400x437 3 JJpy 
J j 200 

|rtKc + ft) = 128.9A3Y ^ ^ 



50mm 




(20.8) 
(10.8) Jii-U 



! 5^ JS >4 



0J5m 



3S*2a 4JLi2ft >ua 

jaM T-tj^a yjl l jli£'J!i (j^uiailJl (^Lllwl liill ulilj 



/? = 52.4x3 = 157.2 



A/m = 157,2 x 0.7 - 52.4(0.7> 2 /2 = 97.2ftV.rn 



-: yli sj jlkJ j^jsJI hjLlJ JiUJ 



4&$jfq = ^43 mm 4 

^provided " 2 ^ 25 " 892/IWt 
<2 



^required 



120 52 

P. =— 1 J 9.68 -41 AW 

0.75 

. f^i 4Lx]0 3 x200 



400 x 437 



46.9 1 mm 2 



(>*v) 



excess 

nun 



= 2x79-46,91 = 111.09 mm 2 



0.4x300x200 , rt 2 
(Av) >Uv) milI 



437 



iM.-v 



= 109 mm 



8/3j 8x0.5 

0.75 x 437 = 32&nm 

.UuL 1 ' iLL ^> 4 x 100 = 400 > 328mm AiL^J^jtil (5) jdiaJ 
L*jl£J 5JLm J US /3) ,> j^a ^j— J iUj ^ ^Jl -4 

^ ijcusu 4^ (150mm) j- ^ <200mm) 



Jli 11 ml Aic -5 



V U =R=\57.2KN 



= \45.S6KNjh (8-8) u- 



n } 0.9 
^ = 50 mm 

l A = 658 < 1.3x151^ x 1000 + 50 = 1387 mm 
* 157.2 



i^UI ia*J! Jib gjlbtf uV-^ 31*43 ->> J 1.8 
^ii_J ojj- 1 (22KN/m) • ^ ^ ^J4h* ^j 
^ L£ iSiLrt cJj ^ J2L ^L-aj (43KN/m) -JjI- ^ J*=>j 
f y = 400M/?a *2ifl3S I '4 1 / 75mm, 3 / 200mm, 5 / 250mm ( Jl ££j 6*) 

// = 600mm . tV = 525mm i f^lOMpa * 




^gjaJ JSJJl Jc *^af. Ui (90*) f**^ 1 J>1» 

. ^Sl\ J^lii ^ t / c ' - 3SA<pa * = 4QQMpa 

ijj—uJn 3 . r,un SjidJ sjaJt <iW^ <^ t3* J 3.8 



i 



I 



150 



50mm 




I T 

525 1 
50mm mm 430 



mr 

il 



3</>25 



250mm 



^ 8KN/m . jl 



j^. i^(o i»L* .u>t jiuyi U^t ^sdl 4.8 
gjLstt oW^S N ^ ^ (161CN/m) ^ <s± ^ ^ tUj* 

4', .Ati lj »UaJY1 ^ jl'rtl. ti*^> « £ A**^ ' vr^ l>* 

OttL_-«* ^jti <> ^j^L^I J*ta. ^ J! <^-^J 

. c f y = 400A$wi ^ j (200inra) UjLuL. 

300mm 

_*| 50mm 



1^32 



0mm 

4 



//S/SA 



2^32 



7.5m 



T 



475 
m 



300mm 



300mro 



im^ 



mm m 



400mm 



400 
mm 



8^281 



^10/400 



^ sffiiiB ^jl^ m £bS J 1 >^ Jj** 11 J^'JSft J*-*f p**** 3 ^ 6.8 

. (8025mm) j* 

(400mm) ffi^j^j^-^-^ i4H*C*«*^**f 7 ' 8 

■j>Sk grij>> *£S (3500mm 2 ) y;^ ^ Jj-fl 

J^jjH J> • (50mm) V* * ftflOffWi) t> 



400mm 



I Omm .>!■»* Ojjl* 
50mm 5i'L-i-j 




400mm 



Uk- Cuiifl »l3# 5« t»A*W jijLJl J>Wl J5- 8*8 

^L-^U ^-JSH i>«Jl ■ u# (400mm) Ujtal* ^liL~4 (^25m) 

jg b 20A^w . /« = * (d=30Omm) JUifl ^ j (h=400mm) 

125 /400mm c/c 

!=300mm 




675mm 



300mm 675 mm 



Jib oV^N iiuiuJ -uh±U o^J >S jiffl m-**> (4.8) 9.8 

t / - 400A/pa . (60mm) ■ 6^ «j (90*) £ji 

Ojj (30KN/m) <^ ^ J— ^ ^ ' ^ ^ 10.8 

. ijbjto oj^ai j£ ^ij u*; ^ ^ : V jl -: MilU d=550mm i b=350mm 



4^32 



4^25 




7.2m 



1 

Design of One-Way Slabs and Contin uous Beams 

-i 4*jj* 1.8 

1 til il-a^J Uaflyi 4Aa^ ^ t^J- » >3l** jia jVk ^ jl iJucl 

3 wJL ruti J jt fl njj iL-^ui ighi *j>^ JUkVl c5S tStya iiia 

#L-5uV\^ JL^A) ; JiLS jo^fll ^.^» jiSl *Uft( ^ siiUUtf 

L-4J5 ^ f^-Sj ckj^ 1 <^ JU*ty JL*] iiiki t j£- 15 jj^JR 

*L-«J¥i j^hJM .L^Vb JUJtft Jiti . j^J j 

I* ail* tjpt* .i^jb jsis ^IB JL*Vi Jj8- £j£a : i i* ji dLsm ^ia * j£t j^-aiB 

^j^il o'j^b v orf^--^ J j . jl* ^iflj (i j) 




(1.9) J^i 



. • l™/ *mt« .............mm 

IF, 5 

^ ^(2) 4 =16 s y;j^ »U£fl 



jj.^a -1*2*1? Jfc* J-*An jM*- 1 c& tijU 1 *l^VL 

. (2) i> (US) ***** Oj^ ^ ^6 'J* 
^ > _ J ^ (2) ^jU3 J J$ (L/S) su*ll l^j CiUM a^J tij U 

^jjlii* £d£e ^Ji ^U^LI j>L> &j> (Two-way slab) u?*W^ <tXi 
, ( One-Way Ribbed Slabs) j A*L«]i cJJ-^Ub kat ui>3i 



3^.jLi*l LjK JtjiA jLuB J-uJ J ^jlU vjlWt 

f ^dilj CJalU- tje^l UOJ Jiaa ^ 



L/20 jtuyi 5J*i-r 1 

L/24 j ^ ^ 

L/28 Qf ^A l>* * j-^'ii *<~ J 

L/IO (Camilcvcr) *S3b-4 



. j^-oB .LLtfL AiCUl ^LJ *Lii]i J^L -L 

4t*jj ai^j (w c =23QQKgfm 2 ) j,** ^ >J «2Uj J^J 

( lSOO^OOOKg/m 1 ) o» 1*1 ^ jjj* ^ ^iU>U -I 
-(1 .09) JL V ^4 (1.5 - Ch0003w c ) J*WL J 

^ °* 4 * TOT ' S *!l ( 40 ° M P a ) # (fy) ^) 3fc 

, (2,7) J^J W-*^ ^ ?0 

j ^.j ^ i^,u^ ^ **** Ju**s ^ pitoJj i >u i^bjfr u^jj jUi 

;Uj^ ^4 (2.2) <> EjlfcJVI 

^u_-a ^ L^u* jU«yi <w» cjLL^ii a UuJs j .j j£U w^l-l^ 

,dL**S jSj* yJJ ^lL**ft L£jL*y tUblJ J Us Ji a_ ( >*L±*l iliUa^il lJ 

^L-sB p.1 , Virt Ji tl£L.U* ^Jjiiij JjK'J UijU ^J k , j.^LJJ frawl 



4...,,^ ^ frj — rt yM ^bJkU i^-i JU13 ^J-iJl -4 

JUi3 ^3*J u U CP Vjtf* t/J^ J ^ LH^ 4 J* ^ 
►UakS -t^iJl OblLi* JjUH Lite Ljlfc^t J*- ^ OLJliLa jit^ ^ jpU 

■ r (h-25mm) j>*-~ JUfl ^-fiji^ (20mm) cll&fl ^j** 

. y&Ji 1% ( h > 

^ j. ^ «H s, ; . -.11 ill JJ* jUiJ -TKaL^ JjiaJ if**® ^ 

J-**" fi^ ,J V-i ^Jgj (20,4) 3ij^ (^7^ )^ W3 

k^jJLJ u*_>-*-h) ^^p mflX ^ aJZj i>l US (bd) JUU 
(Pmax) ^ J *^ f> Jp^J 121* (lOOGmm- 

Vilk** 4*y^j j^} J lj^ dUJ ijb Vl j #HaJW 

.(1) *>aJ ^ ^ j«JVt ^UkL* ^ ^1*- 

Temperature and shrinkage rein- ) ^U&VI j ijj jai ^ mr*-rfj jSl<Mfl 

= 3SOA4M3 )fy=3Q0Mpa ^ ^ cAiCUJ-t 

^min = 0.002A/i 

=0.00 18 6ft ^ 



mill 



400 1. 



1000 mm - ^mj^» - b ^ 



M w fy 
R = — JH = 

4>hd 0.85/J 

v«w ^ (h*25mm) ,3>iaj^i (d) l*U = 1000mm 

I „ /_ 2wJ? x 
p = -(l- 1 — ) . (2.9) 

. m v 

(* = — £1h_)J«UJ ujU*^ jj^^jaJLI ^i( r 4) ^ijj>i>il JjiiJ./fiv L£ 
p^ofy- .—43,9) 

fy 

A s = phd„.„„„ , (4,9) ip^J v^-* f% Uin 

^ £ ^min J w (As ) J US 

J! ^1 ^jjlLJt MiU*J 

_1Q00_ 1000 

fl^J *^LdI JkUttfl c> ^ 4^ *tfu*d J 1 ^ ^ tjU-SiS ^ Ji 
4>*) WV.wJ wULutl du* i_JLJl ^ jdl * 4jJu*J l ,¥i»Tl . JxiaJ < f > 

<J i^j . riffl 

(6.9) 



oUoU*- & ujss ii (5.9) ^jUJj 

u% (6,9) ■ Hi'nifl ^L_v 



A b =^£ (7.9) 

* 1000 

^ <#M d* 1 450mm jl 3h ) AjSl 0* ^— 11 ^r-^ 1 ^ 

450wwj 

• (1 5h } fcUJt jajstf JU*^ jfcjSij J^**i' 

U 004 £ p < 008 * 

^ .j— uVl j-jJI ^jl— (JgjU t^gO ftfeJ Mwi I £jUI itpH ^Mtfl 

45Gmm j» 5b) ^ oj-^S u^jj-if J J* (5 9) «H~Si U£ 

^t) ^ _ -Jl ^ji ^Ifctlij SJLV >Jl f Aiki* ^3 JL-bU UU&j 

. ^iJJ Jj£L4j ^ ^lii (] 8.8} JSuin o* tJlfe-^^ j^ij 



(1.9) 

J ife l^J (2.9) ciS i3k l^Ki.M* 5— —^M 5u-u>Ji 4^ cAKh 

1{ 2KN!m 2 ) <^ J**Vl . /j, =40OA#ra i/^ = 3QW/w 

jL^J h=500mm - b^OOm 3L-#3iJ j1_J * i±4 2tCN/m 2 ^j\*& M» tJUaSl 

■ (300*300 rnm) ^jU*3 ^S'« 



£ 123 



= 3.075 > 2 



k = — x 1000 = 142. ZSmm 
28 



h-* 130 mm *s*Sw1 



i_> J j3 « W *fr i^V ^ ; jh^— iLSgH ^ ifl 

fFJ = 0.1 5 x 24 + 2 = 5.6KN Jm 2 -2 
W u m l>2Wtf + 1*60^ ■ 9.92 

g— (3.9) J* .tftj i Sv. j>^5 oV jj^D ^VjU- fJk^SJ 



U.3 



4*71 



0.3m 



(2.9) 

UiJI Li— 
(19) JBJ) 



G 3 m 




3m 



3 in 



0.3m 



M u{ = — x 9.92 x 4 2 ~ x I 58.72 - 6,6 XKNm = M w 
24 24 

M u2 = _L x 1 58.72 = 1 1 ,34 KNjn ^My m*>J 
1 4 

9 

y ui = 9.92 x 4 /2« 19.84 £JV 

K„ 3 =1.13x19.84 =22. 82KN I 



-ij^JHi cAitbLt lMI) jgfci-4 



</ = 150-25 = 125iwn 

*W -K tfJ -K^d = 22.82 


-9.92x0.125 = 2 l.SSKN 




= 0.75-^30x1000 x 

c 6 


125 xlO" 3 


= 85.6/W>F srf 








phia (j-**^ *■ 








Pmax - 0-023 




Ji i^lJl (,3) J>i*. > 



As m]ll = 0.00 1 8 x 1 50 x 1000 = 270m/» 2 fm j ij ^ 




. JlO=J1 lIiL^S ML** Cji J ^ = 0.9 





k 





P- 


4* 
phd 




As add 


M„ =11.34 


0.027 


0.028 


0.0021 


270 


410 f 290 
(272) 




M~, =6,61 


0.0157 


0.016 


0.0012 


270 


<fI0/580 


*8/290 1 
(172) 


= 17.64 


0418 


0.042 


00032 


400 


1*10/290 
(272) 


^8/ 290 
(172) 



. {mm 1 !m) jijUl - As pn}xided 
4 = 0.9 4ak. p ^ ■> if* J (Pi = 02) J* (*3) J.^J j-j 



5 = 



1000 
270/79 



- 291mm < 



\Sh(750mm) 
450mm 



b J^ilaB #l^U £jL3fl au*.-7 

.(I10/290c/c) fMSt* 



Jiailj . jpJ ^£ Llis (18.8) JS-a j> UUMN o^-i MB -8 

. ucyi cH 9 ^ ( 4 - 9 ) 




Que Wav Kihhedf Joist) Slabs a)j *IA a*L**$ ciUaua 3.9 
>j <-j j J . (Ribs) 4t**-j V ^hU ^u*j (ti^ 

MA ^ J (hollow bricks) iiilSjkj ^X^ty ^ SjL-^iJ l^i^vi 

J* *** **** ■ ^ <A>— > j tfjb** J>* 

i~dtfS J-& J**-^ i3-«s: I4JJ u\* if* j (girder) 

. (5.9 J&a Jb^) ^* cLlkJ »^ 



^USJ j * Jja ilia. 




lzzzzzz2zzzzzzz 



s 




Holloa blocks 



(5,9) js£ 



L s< 750mm 
2, 2100mm 



3. A-u, S 3.5fc w 






4. fti^ 


[50mm 




[j/12 







(A, £ 40mm) at* 3 *^j (*^yq .^lj j^j c^s i^j 

(2.7) J>^a ^ U>*3I ^Jtfl ^4^*3 (h) J 



(4) j >.t fti-l J jL~ J , (2.9) i^il ^* Gi 

^ jL^ JjJuAd^ (h„ 6«l j (2.7 J>^) ±J cJJ^. 

UJ ^L- >J *al& • (J + 6 W ) ** L ~ S (2.2) ^ 



^ •-j'i — d ijjM t> fS8Wifl l^i US (3.2 Jj^) WJ**J 
mIL^JI f U (b) ^ j ( $ + A„, ) cM 1 

t>bj& (T) JS^ j l+i] ^ 
.(20min) Ji IjjL- iLjj *IU . {h w dj ^ yj-L- l** J* ghsitt 

1jUu^( AC! 8 J 1.8 ) JjUsa— 



K C «U(^V*) (8-9) 

6 

^ w^j ^ ^ an (^ c ) tfJ u jJ (P^) ate 131 

^^Jfi l*2j ^ JUxty V*-* U4ki-*6 

iUjtU £ 5U*Vi J* ^ JLjf* u.£ urij t^UaAfc 

^1 IV % j— JtfcaJ ^ wjB *5fti* SjjSiU ju^t ^ 

J -n 4— ^ ai-^j ji- ^Us^tl ^ ^4 { £ki*3i JaiSl 

. £ -» cAi«J»j ^L-UJ 3^121 S^iilij jH J^l) 



2,9 Jli. 

cto li! (6.9) ^l^lj *Wj <aLaJJi cjli^M u.jlkJi 

Lj* j£i>* (500 mm) (100 mm) * JiL ) t>js 

* ^ =5KN/m } dJjJJ J i— Jfr , (60 mm) 

,(300 x 300mm) </jl^ ^ a-aV\ iU^ U X.SKNim 2 - ^il—yi 



^min s 0.002A* = 0.002 x 60 * 1 000 = 1 20mm 2 f m 
1000 

5 = 120728 = 233 (s) <^2< 0» u j£* 

Lfre^d/ 200 mm c/c fiiU 




(6.9) JUJi 

(2.9) JUJl *J j -W^ U^Ji Utfjl J^l£ 



(l 7) j jjo. j> ^LaH juj -2 



. 4250 
A nun ~ — 

.5 



0.4+ 

700 



Amxn= 1 90mm 

J—* j (60 mm) jU~ ^jl— t>««& g^* ■ ^ip. ( h=220mm) f-i^r^ 

f j/> " ^jVv aaji&J iS&»3 U jUjVi J -k»*±j • (160 nun) *i ^Ji jjm 

-: (Loll Jig JUafi\ ul^ia. -3 

(O.5x0.O6 + O.l6*O.l)x24«l.tA7V/m OJj 

0.5xi.5 = 0.75£W/m ^L-i^cU 

O-16xO.4x5-0.32AZ/7m A^ 1 OJj 

^ = 1.1+0.75 + 0.32 = 2.170//™ ^-j** »i-3i J-sJ .. 

Hfj ■ =0.5x2 = IAW/m ^i^iM 

ff^ « 1 .2 x 2. 17 + 1 .6 x 1 = A2KNIm ( J-UJi) ^-«sH J«ii 

M a1 = 4.2x425 2 /24 = 3.16A',Vm 
A/ w2 = 42x4.25 2 /t4 = 5.42fiV.m 

M b3 = 4.2 x 4.25 2 /9 = &.43KN m 
V„l m 4.2x4.25/2 = 8 93A^V 
1^3 - KwlxJ. 15 = 10 2?£A/ 
Amx " 0.02 1 1 /'miii = 0047 0*i ^ ^ (3) fa u-j 

d=220-(20 H 0+5)- 1 85mm *i (d) U 

(^10) y-i yrl >aT i^' J U*i JUill J-Jl SJ>— i. Ait 

Af^n =0 0047x1 00x1 85 = 87mm 2 

■ (Af ±A r >H JtU— fill *£L^ J-e- Jfcj ^ij 




M uJ = 0.9 x. 85x 20 x 500x60(1 85- 30) x]0" u =7\KNm>5A2 
^jUj l^jJs f >is o*j* jjM * t>^ 2&aSjfl ^ -uk 

- (185 ram) WL^j ( b-500 ram) 





K 


to 


P 




1 


3.16 


0.0513 


0.053 


0.0035 


21 


2 


5.42 


0.0176 


0.018 


0.0012 


111 


3 


8.43 


0.137 


0.151 


0.0 1 


185 



Ale .3*1 (/?} fij** 0* ^ =0 018) ( f3) 6* 

M =1^/10 

Af2 = 2^/10 ^u^/0>ljiS-ifS»a 
Af3 = 3^10 

l" . . . 




(8.9) JiA 
(2. 10) £±—1 d ?- '-i 



r wrf = 1 0.27 -0.185x4.2 = 9.49KA' 



1 . 1 — V20xl00xI85xl0" 3 =U.4>9.49 
6 

, ^LiJl j^U ^ % (8.9) JLMl j ? Jl c tk»«^ 



Design of Continents Beams * cl±jd\ . 4,*> 

U^i— ^51 .Hl^ JUJ -jm JjSSj :iikl ^ ItfwJ JUaty yUW 



JbA ij^Vlj ^ £^ *^ J WSl ^ IJ| -i 

,j ji*Jl ^LuSl 3JUJ (/> > p max ) J JL* V jtjLal 

(2.7 j**-*) ^ ^ <f^*i J 1 ^ 6-^ 3GS SjPi EttjBisj cafi 



3.9 JSj 

iU^ » h=500mm* b^300 mm J Uk (1.9) J&JS<BI) 

, j^. V iiJl J t-S • (300*300 mm) i-ne-Vi 



-; JO 

= 6000 = m :oi j(2.7) J^,>-:^o-*»i*o-t 
m,n 18.5 18.5 
h = 500 > 324 

J jautfl ^.jlU'- i-i-a. jJL-» U U ^ 

( tfj^i juJ »bJ JU»Vl):dU»Vl a-*-2 
^=4x9.92x1.15 = 45.630/** JU^JI 
= 0.5 x 0.3 x 24 x t.2 =4.32£/V / m '<f»* Jjj 

W d =0.3x2x1.2 ^O.TZKN/m > $M j->> 

fF t =03x2x1.6 = 0.96 ^J^^J- 
W u =45.63 + 4.32 + 0.72 + 0.96 = 51.630 lm <1~* 




yj <M cOuU, ^kijH AU-)i ^*J ^ r >> j$S J* (LI 5) JflJ 

■ (3 J Jj^ 

(9.9) Jf^djjjj *S*i* WW** ffcHW J^i "i Jjl^ v -3 

16 16 

Kf ul = — x51.63x6 2 =1 32.76 A'N-flt 
14 

A/ y3 = ix51.63x6 2 = 206.52 KNm 

y ul =Q.5W K L n =0.5x51.63* 6- 154.9 KN 



=0.023 . -D O035 J ^1^3^ 

d = h - 65 = 500 - 65 = 435mm 



As mn = 0.0035 x 300 x 435 = 451 trim 



: (11.4 i jiill JMl) oi^Ji 

(}6hf+b w -2700mm 



j + b w - 4300mm 



.'. b-1500 mm 



<^AJ e Lkj3 J> - 3 * S*UJ» *U*i J> -L ^ 

j^iaJj c^U^ i_jL*i ^ Ji£ ^1 ^ = 0.9) ^ ftfbjb 

iU^VI Uiao- ^ jSi J^J 

Jfefw - 0.9 x 85 x 30 x 1 500 x 150(435 - 75jf 10" 6 = 1 8S9KN.m > 1 32,76 




00x435) jU^L^ 





M„ 


k 


m 


P » ®fc ffy 


A s = pbd 


I 


H6.2 


076 


008 


006 


m 


2 


13276 


0173 


0)8 


0.00135 ■ 


880 


3 


206.52 1 


0.135 


148 


Oil! 


1449 



( jjSJl dAi^L. 

-ub «sy (p) ^ ^ <> ^ (Pr =0.023) <3»LU ^ ( f3) Jj^ 6- 

. U*bj5it US (ff - 0.9) J± 

A s = 942 > 880mm 2 s ji <*L-J jj&a 4^ jJ ^ (3^20) 



add = 783 " 3 1 4 3 M,9mm 2 ^0 JjS * *^ 

A f =842 > 783mm 3 ^ jjM ¥20 <^ 

^ILafll ^ (2x314) >^ $ fj^ 
^«*y - 1449 - 2 x 3 14 = 82 Xmml 

/l T = 2x314 + 2x491= 16I0> 1449/mot 2 



178.14 - 51,63 x 0.435 = 155.68KA' 



0.75 



V30x 300x435x10 3 =89.35KA' 

c 6 

#j =K„j = 1 55-68 - 89.35 = 66.33KJV 



.lAjl'n'i. ^OL. ^-LLJ „\ flif 3 < 



F, « S8.44AW 



* ^ ^ ^ j-=>«)i yL-JJ Ji <Jc , 

frf/2 = 2 
600mm 

i4v, 



max 




=r 63 



nuuc 



2 1 ft wff? 



<*v/y rf 2*79x400x435 m 3 , 



88440 



\tntn 



*« = 2 1 8 mm 



j = 200mm 



178.14 = 51.63* + 44.68 



i5 jil ^jj) ^ i>* ij-aO £jL-u 4±L** Jsu 



4v c ti 



178.HKN 



• 



1 54.9 = 5 1 .63 £3 4- 44.68 *\ * « 2. 1 3w 

<r = 6-{2J3 + 2.58) = 1.29iw ,>» ^^i^V ^ ^UJli <ok 

. (100 mm) jL-J! -jc. <iLm 

.jjLuJj u^lt^jj (10.9) 
. ^ jlill ,4 jjj jjLjJatS Joj JjUl—Jl J^iij vuT^l JwaUj J^LQ 



2«525 



l 1 " 5m j 



2m 



1 



1.5m . 3m 



I 5m 



t 



1 00mm ***PB 

loo h « m — 

mm 2f25 

i. 

150 mm 



1t 

1(K) 



2^20 M20 



300K 
imti 



(Mil 



mill 




2ilC 




h W20 ri 



3*20 



3Q0Edflf 



( 3,9) JUS « B, ) ^jLa JL-tf (J 0.9) J« 



4.9 Jli 

^aJ jLJ .(2.9) JU1 j-Jj .ULLiJ^Jl oU^J >s ajUJJ (fl, ) ijcJi ^ 
- 20*4)0 t/ y = i (h=220 mm) i (b=800 mm) J* 



^min 


- L \ 

18.5 


[0.4 + ^l 
700 






_ 4.2 


n * 3001 
0.4 + 


= 0J88m<0.22/w 




~i«.s[ 


700 












mi. ,*xJ_*a .JO "wit/. 







J ^1 (iSj~i .tJ JWVI e*^)^ Jc ,>Li>l *>Jt , J^j 
ff^rHf 10.27x2x2 = 41 KN tm j-^Vl Jd jj 

» 1 $=0.8xO.22x24xl.2 = 5,O7£ 1 V/m S^Jl^jJ ^j* 

=1.5x0,8x1.2 = 1.44 iC/V/iw jJ— J* ^iUsj ^ J-a. 

W t =0.8x2 x 1.6 = 2.56KW/m ^C^^v*^ 
»*„ - 4 1 + 5.07 + 1 .44 + 2.56 = 50/GV/m £ ^ 

.(9.9 js^Jl W; 

M„ 1 « 50 x 4.2 2 / 1 6 = 55. 12KN j» ^»jUJ* *JUJ * j«2i 

A/ h2 = 50 x 4.2 2 / 14 ■ ^ 

M w j - 50 x 4.2 2 / 9 = 98/GV.m ^IJ f jj 

V ni =50x4.2/2 = 105A3V 

F m3 = l.I5K u] =I20,75/W 



jU jjd«il (4) Jj*. (> .^max i/Jmin ^i-** ♦Uaj'tfl 



Pmin =0.0047 ■ P max =0.021 
^ jiJI ^L*J1 jiiaJ {^16) a**jkj 40 nun - ,yi»11 ^JU ^iJ »lL«Jf 

■ 220 - (40 + 8) = 172mm j& 
J$£St ^L^S ^ J ^ (4 = 0,9) J >i« 





' *** 


k 


CO 


P 


A s 




1 


55.13 


0.13 


0.142 


G.O095 


1307 


7 ^ 16 


1 


63 


0,148 


0.164 


0.0109 


1500 


8 ^ 16 


3 


98 


0.23 


0.275 


0.018 


2477 


13 ^ 16 



k^is ^ * ^UiJ < p< p mm J J^koJ ,> ^ 

jV c = HI v ^o * 800 x 1 72 x 1 0' 3 ^ 
6 

^l20.75-50x0J72 = il2.15/&V 
^ = ] 1 2,15 ~ 76.92 = yS.HKN a Wr = 46.97 W 



■ 



■ V J ina3c ^ 



max 



fd/2=86mm 
600rtim 

3/1 y Jy 

— = 1 \2.5mm 

h 

\6A v f > 
= 86 



= 134 row 



^/yrf 2x50x300x172 _ 



46970 



=110/>wm 



120,75 =*50ci + (76.92/2) 
.% a= i.64m 



CJA (4 8 mm) f b»5J ^ lij 



g 

(a) ^M) 

mm} *n ^aj5 Jj^ 




220 



SOOnniL 
^k.Ui jLmmM tic- 



(1L9) ti^ 
JB-B 



1 05 - 50a + (76.92 12) • " : *JM* 

/,= 4.2 -(1.64 •*- 1.33) - 1.23m 

. »U»iJ> "y-e- ^ OP yr*J 

(U.9) A 



^ J^il j (180 nun) ^jL.- *W «fl~ 0* *2J ^ *W 

= 30A4 r /w(2KN/nr > ) (/^y" ^ f* 1 4 (2KN/m* ) ^jU* 

- 400A#wr 



03m 



10m _ 



ran " ^ sz . 



0.3m 




i n ■ 



__ 3m 



1 Sm 



(160 mm) 0jN 



0.3m 



0.3 m 

5m *I4# 



I 



2 



S 



5m 



<p 1 0/270 



0.3m 



T 



3m 



4m 



OJm 



^ 0.3m 



mm) $ jUa fcX-V* ^ 0** ^i 1 — 



}» 



_ I Dm 





60 
una 



300 
mm 

_H h H h- 

200 500 200 
mm mm mm 



^JL* sJU*j (2#16) j* «jM J>J 1/ ***** & ^ 49 



^-^V 1 v"*-** J— -J J Up ^ ^ 



■ 



i frj juJ i^JS Ijl »L_J JliS y,i ijiJk (B() V** 

a "iKNtm 2 i ^*iiJ J*^t h-500 nun * b»=300 mm 

{ l6&V/m J )-ditS (0.3 m) {3 m) fUajj Jj?. J«Ji 

■ ■ - ~ 



6,9 



n, 



6m 



0.3 m 



+1 



5m 



fun 



0.3m 



■H 



IJJtti 



0,1 
in 



4.5 
m 



JL 0.3 
" m 

4.5 
m 



03 
T~ m 



d=385mm * h« 450 mm « 250 mm £t*£j J*i£— 3 **J | of ^ 
j_,j»h jj ^nl lU^H J US /J = 20jfe§W f y m AQQMpa 



W-? 



m 



6rn 



0:3 



T 



2^20 



6m 




IT! 



m 



Design of Tow- Way Slabs u**L*5W *i*i£W pg*td3 

u , a =U£M (2) t#jte jt& k&j* u>f J> u# Vs» uiss 
j!L-*;(2) J>n W aftji *^v» ^ i^w-sui 

O^^V* ^UaSUJl <> flic ^ 

oli cJL_^ Jl o l J* W ***** *W M u/ 5 >j JjVi tjSB 

. {Edge Supported Slabs) *iAiUJ! sal-J> t^U^yi 

i^iUiSLR tiii ^-^j ^UUlj tstt&WI Ji i> J ( 

. ( Column Supported Slabs) ^ 1 

Slabs Supported by shallow ) s* 1 — * £lS J* ^UattJ -1 

. i^aJI (> 4i^B *tt-* £ti iiluj ^ j : (beams 

c^li it T - ^U£i* ^ i (Rat Plate Slabs) * i >L*J l cjU£U1- v 

(tx»cVi) ajUJj L-i *ys tiffin uak-. jjw. j ^ jiui 

t2SB J*^ jA -: ( Hat Slabs ) ^-Ji 
J^My :(Flat Slabs with Drop Panels )L ^Jj l^k^J dlLSUi- 1 

>>< { Flat Slab with Column Capital ) ^rUii ^ a^k ,„H ^^1^-2 



nab with Drop Panel and Capita) pMjM J ^ *^*J CiU£M~3 

^M* ijj*! ^aj - .(Two Way Ribbed Slabs} o**^L 4m1^Ji ^U£UI -j 
. jj^ai J>^drop panel) J»jL- (4] Jwj £3L-Vi ,jj*l*lf <jjUcl. 
o0>^!l ^ U CitiUfl £ji**J CiliOJJ ^m^j J*L3 '^r- I^a IU£ ^ij 



jjiun cAi£u\ fj ^j 2.10 

Design of Edgt* Sii ppri rtc d Slabs 



c^SLJ dh* ^ . (1963) jjSfl o3LU* ^^U-V CjH^uJJ Im ^o^. ^ 

. ( Method D) A^iili %>LSi bjyj J j #i>J j u**^ oUOys ^-53 jjfe 

Jl*s » (Middle strip) Ua^jJt k^j^A U* gujvj>£ ^Ji 

■ (1.10) js-ai ( Galium) strips) 



U4 



1^ 



L/4 



Sf4 



MO 



afriaj y aitoua ****** ^ <bi 3,10 

. Aal— » tea* ^fe Ci**Ji J-*» -£} 

ypi (2,2) <J>^ <> 

^ Laij (2 10 J^J 1 «V) j*-^ *Uflli 

= ? ; -« -(2.10) 

2 

jj^aSB tU*^ - S n 

20 mm- jjt±&& *^ J 1^ * JUift J-JJ - 

w c JJi4fibd ~ (3.10) 




JL 

180 



hn 




^J^^ (j^^ ^ **l*»m»HM«-«»*t*i+llTitT»ri-»-r« - n • r l0|| 

Mcij ttaua i' si^ji Ljj&j & j 

(/'max) J-* J ^ ^ JjaJ -s ^tUfl au*J u-rfflj ^ 4 

cM vlj (p max ) t^iU; J ja t>jS3 J 4*m *M <^ ^ . i^UaJ 

.JiUl J-dl (2,9) i j«31 liij m-h s?^ jSi-iWj* jl jsJ 



. .... r. . .. , .............. (5.10) 

{ oUVi C^UU, JU^l M>* c 3 ^ ) v-**— 5 * lU»J> pH^ 

A jthtt ^b—L J ^ v> j^a ■i*syi* *i^a jjL -5 



ycyt sjij-u ^ j*j (1.10) JW 1 o- ^ Jj— J-u- -e 

* (in) <J ^ ^ji»j*Jl ^L-uj jjLj-Ji ik, 
. V^-jfl ^ ^ j>J <|) £ j£2S ^ f jjj J 

^5 {0) LjL-aJ (^4) J^i* S^lil-"il jjS-iJj : iik-jll 4s^j-lll £jLoH t_iL*i-6 
a^Ji U-j (p mjlx ) tf.j^ / ja u 1 ^ J J* (/>) 

1O0O ,> im 

■y = ... „ (6.10) 

. _]000 

s 

JjiLJa^i .jUJail 3iLt*H i-jL^k^ ^-i>13x*^ j _>ijl*3» ^ j jiH -jLaj 

s < 2h ... (8.10) 

^j— »J y ; ^ 4^L« LjLu UL^y I yL^Sl iliJjJ ^ ( l-ii jaI' 4jL«4 

^5 



3 

.(18.8) dSM Umiii ^Lu ijViH jUiS j ^ 



t^h4j Ol£Ui f j>JI i^Ujm (1.10) djJ* 



£ 


J* 






■1 Wtfl 






(JW J JjU 4>»j*Jl ***** 








LO 


0.9 


0.8 


0.7 


0.6 


0.5 






^ ft cant 


A A 2 "5 


a AjIA 


A t\AQ 


0.055 


0.063 




0.033 


o 
























m: 




a nm 


UJJjt? 


0.041 


0.047 


n i if, i 


A A"><C 
















1 >-lw j 




ft A J 1 

041 


0.048 


rt /iff 

055 


062 


0.069 


rt i\ Ck C 

0,085 


041 




A, A*) 1 


A JPTt 4 


A ATi7 


0.031 


0.035 


0.U4Z 


0.021 


Mt 


A AT 1 1 


n it?/ 


A AIT 

0.04 1 


0.047 


0.052 


U.0O4 


0.031 








U(J37 


A A£J 


0.071 


0.078 


A An 


0.049 






^fffdisc 


0.025 


0.028 


0032 


0.036 


0.039 


045 


0,025 


if 


0,037 


0043 


0,048 


0.054 


0.059 


0,068 








A Af O 


U.UOO 


A AT 1 

U.U /4 


0.082 


0,090 




0.058 








0.029 


0.033 


0.037 


0.041 


0.045 


0.049 


0.029 

Anil 

0,044 


— 1 AtzJ 


m; 


0.044 


0,050 j 


0.056 


0.062 


0.068 


0.074 

1 


























0,033 


0.038 


0.043 


0.047 


0.053 


0.055 


0.033 




M u ; 


0.050 


0057 


0.064 


0072 


0.080 ! 


0083 


0.050 



j^-iP *L_^Aj I »hn. JuJ Jj JU*ty Jija^ ^ dlE ^2 -:'h 

„ ....(9J0) t i^LUtt 4Ji2iJl JMn 



■5- 



3 



2 



(10 J 0) ^l£dl aukiiJ JuAi - v 



U-Jlj u^UWL < jLjaiB >S J , (3.10) jLtf U ikSJI 



US 




(3,10) js^ 



J«J 'jj (4.10) JSJSiJtJL^yJi UiJ\ Ui- oUCI* ^ 

f/r fti U .f Alt ^^^W^V ~ : ^ 

p 2(6000+7500) 



ISO ISO 



] 50 /n/n 



(150 mm) JfcY J w (h)jtt -g* 
h m 1 Storm ^aSuJ 

/>=0.13x24 + 2»16iW/m 2 
W„ =5.6x1.2 + 3x1.6=11.52 



0.3m 



T 

i 

T 



1 



S, 



B, 



7 5m 



HI* 



3tn 



S 2 



7.5m 



3m 



7.5m 



(4.10) ^ 

(i. io) w 



rf = 150-20-6 = 124ffl/n 

V ud = ll.52(6/2-0.I24) = 33J3£N 

^ c = Ml^o x 1000 x 124 x 10" 3 = 84.9/W 
6 

dSrmti m O.OOI8M1 = O.0O1 8x iOOOx ] 50 = 270mm 2 Im :jU 



6+ 2x. 15 = 6,3 



f 7 8 

|7.5 + 2x.i5 = 7.S u 
6 3 

= — = 0.8 OS ^jl-u (hi) J J] o± j*n <*-i 
7.8 

. ^1 (m -0.8) jU^ (0,8) ,> ^jji 

, (JijUl »t*£3U gyl jfrl Jib ) ^ 14 l^UT, f j>*< cDLLu. 



D.'Ti " 



< 0025 > pi) (0Q49) 

0.064 



/ 777777777777777777777? 77777777777777777777?' 




9 JHJWWM 



^fftfsc " 032 * 1 1 52x6.3 2 -0.032x457.23 = 14. 63KNjnfm 
M* - 0.048x457.23 = 2\$$KNmtm 
M Scott ■ 0.064 x 457.23 = 29 2dKN.mtm 

Msdisc ' 027 x 45723 - 12.35AWjw / m 
A/+ - 0.041 x 457.23 = l8.7SKN.m / m 
Msan =0.055 x 457 .23 = 25. l5KNjn/m 

^s^tec = 0.025 x 457 .23 = 11 AlKN/n I m 
A/* = 0.037 x 457.23 = 16,92 KN mlm 
M Scon = 049 * 457 23 * HAKNm I m 

= 0.04 1 x 457.23 U 1 8.15KN.m / m " 
A/+ =0 03 1x457.23= 14. \7KNmim 



14 63 
21.95 



< 1M3 > (16^2) < 224 > 



29 26 



«* 7S > ( '"l 5 7) <'»">£ 

i 

25.15 £ 



12 35 



v 



1 ^1 -** 



cS^J ^1 = 0,9) 





k 




P 




^provided 






Q0S3 


0055 


00411 


512 


#10/150 
(526) 




Atfdte= 14:63 


0:035 


036 


0.0027 


335 


#10/300 

(263) 


#8/300 
(167) 


A/few =29.26 


0070 


0074 


0.0056 


695 


^10/150 

(526) 


#10/300. 
(263) 



JLJ »3^l(p) ^o+J&^j ( Pi -0.02) i5-^ *Mf3) l!>^ d- 

. tu»jsil L£ (# = 0.9) 

1000 IOQOAl 1000x79 

s - — ■ s» — = = I 34wm 

A s 512 

#10/150 ^^i^LL*. 

lOOO 

{As provided ) J*>* ^> t** u* 



* * ^ j^w j_ ^ ^ir-U*t«> ^>t J^aL <zfJL*+» j^M <»LjJ ^5 

• 

41 



4 



1000 



j jA*. . ) SJaUgiJ ^kLall JiL-ftlij f ■■iji-hft CA^WJ J j J*. J*& ^jj ^j. *4-ij1Jm]3 ^jaJl 

.jju-aii .i^ivg (s 2 ) aj ^ u WM 1 :U *> J 



up 


it 




P 




As provided 


**add 


A/ + ^18.75 


045 


0047 


00035 


434 


010/180 
(43ft) 




Mudisc = 12.35 


0030 


0.031 


0.0023 




010/360 
(219) 


08 / 360 

(IJ9) 


A/Scwi - 25. 1 5 


0.060 


0063 


00047 




010/180 

(43») 


010/360 
(219) 



s%LJ OL_et(/>) ^ s> j& y*j (p t = 0.02) cjM 6^ (*3) Jj* > 

i Ui - 0.9) 

JU >c ij. J>i*JI ^i, #^.1 JjiaJ Ci»> v 1 -** ^ 

3 

j^-mJi jji-i Aj^sy jitsi ^ ^j^lj ju ^ i^L.Ji 

(I.5> ^ JjL^ UHill OUUJ v ^-a5 4^111 UJjlUJI 



tr*l AliS».VI ¥211 4*J*ll 0-j -(^min ) J 

. cjUB ^ ^ alii ^ -jl jlj ^jll ^^iU 



*~ : JjjJtaJfl «LaJV^ ^J-yi-Jl JlxIsl uiUi — i_j 

d = A-(l 5<#> + 20) 
= 150- (I.5x 12 + 20) - 1 1 2/Ti/w 

^JU» ^Jc! j-ja Jijkfl *UjVIj Aijkh # jfc (L5<4) c > w l 

1 jNr L .U-ai : .-d jj£k J**j£ U-^j f jj"^ 1 f*f Ji» nil! a LuYI j *"i j>j— 
La^J fju^il ji£ J dUh y& I III CiULaiH JSJ J 4 ^» SiUJt Ci£j J 

.{22.4KN.ro ) j*j W ^— eft <j> 

. jyL^JI Jj^Uj ^Jpji i/ JlSll Jj-iaJ^j 
- iiijUi ^U^ii ^^Ul ^ y t A,^ J^a* 





* 









" s provided 




A/+ - 16.92 


0.05 1 


052 


0.0039 


437 

» 


^10/180 
(438) 




WidisCy 11,43 


0.034 


0.035 


0026 


m 


JJI0/J60 

(219) 


1^8/360^ 
(139) 


iWwco/i = 22.4 


0.066 


0.069 


0.0052 


583 


^10/180 

(438) 


^10/360 
(219) 



fe/150) 



i^Jtt^ . 2 = 57 JOT/ * 

3 v 2 3 2 ' 

(5,10) JEJll, 




(5,10) JiA 
(10 .1) 



Ji L_*i& •L-ttl c-UK^LH ^—k 4lj s ^*ai. ^ J** y-ai! 1-10 

. k& <jU jiJ £ j j J-JLj o*J) J*aJ = 400Adf/>o */; = 30A/yw 



<*!2/40Qmtfi 
ISOmm- Jl— 




0.3m 



n 3 m 



0.3m 



3 m 



v Isl.M l^su jL ^jJi 4ajUB COS IjI (1 .10) JBJ fj**^ jcI 2J0 

(] , 10) JU1 ( BrBi-Bj) J>» -W? ^ 3£Jb» ^ ^ 3. 10 

.^Ij •IbJyi cykl* 
^IkL. - (1J0) J-UI ^ jJI .LttL i>J UiJJl ^ 4.10 

cxUm* . { I 10) JI4I y^iii t^Vi .kUJi l j*-iftfl d*aJ v-^ 1 5,10 



Design of Short Colu mns S jj^aiB S4*Vl fjmrfi 

Jji j JjLiLt%11 Cjj^Jai let j»n Jalurf j» wJja^ IjlnUfciftit i_U*i jpftfr 

-: jiH »i*cVl <> t ^ *^ **** 
jt »™ jl jj^ ^ { Tied columns ) *Sj^ u*&VH 

« (Ties) tftjlJj W* 5 ai^ii s j*» 

-i ( Spirally Reinforced columns ) ^Liil s«^V»-2 

h >i ujj^ J 5 - 5 ur^ v*- 5 ^ C*'*** ^ **** 

^pj^atjl *jSLijJ l^ji J-«a-jj ( composite columns) ^ ^J* *a-*e^H3 

. Uay) ^IjL £jL-3 JLjia 1*** £££ -ll) jiJ 

^-58 j Ijp^ U^V* I-* j ¥^ U**-^ 4X? ^ ^ 

jU^^fl jj-JJ - 3 '.1 i 1 s ' «J — - jill J>*^ j ^1 J^Jl t^itaAJ J • j>m»j J*ii* 

v J_££ l ^_JLfl s ( long or slender columns) . <S ^J\ 

j\ 5JL^*>J1 Jjjua j tfeS gLjftl i buckling { ^jsJN ) ^U^L 

^yUtfArij ^t*^ i ^ ^ L-s *lk ju»Vi ujS ^- 1 

S s m s c V ^ JUW 1/ jW ^v*. jail Jjo^I l^kk 

. ■ fa ^ fc 

E 

fs "Tr~yi " l/c ^...(1.11) 



J— u — ? v. ji-fcH J*U* ^ - ( modular ratio) a^jLja^Ii J*U^ - u 

J* = A-4r +fa4 J </' ^ > 

-; oU ( 1.1 1) UUJ flj. (/ c | ( f s ) & ^yH^ 

^jlg* i$jj>^ 41*^ S**£ti Sj^ift ^- J 

ij> - $5/^ =0.85^4-4^)+^ - -r (3-tD 

I 

Ljl ni Ji a^j ^J 1 j (^) <*jLLJl i^oiii J^U** ki**m£\ LfijJai \^k. 

^■d^^jjU^aJ-JtU^IiU (0.7)j4SjLJP^bl] (0.65) 
^-^0.85/^^-^)^^.] , ^1 .{4.11} 

; jL^J\ £j£ t^ifl (juiSl JJSi) vnvft 4-. jli* ^ jUJj l«J JuS«3 <JjJUUU 
^i^fl 4^ t^c.H\ <jU>. (segrceatiota) Ji>iVl Jj*-* jUSii -2 



vi^-^j-^a J-J ^ jaii ji pji JU»lS ) iA*V» 

(0.85) j >US (0.8) JiiX ■As* r< <> ^ 

^j^wuJ ^ jtiJ Ji (a) > jlU I j* o^J* U>j jlj <slud ,jU SA-e.^ 

-J J} Sjjk— Ljja- UtfeJ ii*^ [ t' 1 '' rf{ m i'.; i ) 

^ 1,1 'Ji roctx } " ■*' ■ »»r.. T ... ...» «■»•«,,-.---*..-. (5. 1 1) 

rfPn(m*c> s ^[O.RS/^^ -^ f ) + V/> } (6.11) 

. j^Ul i^bU a = 0.85 . { *M*J )a = 0.8 ^ 

AC1 - Code Requirements ■ ^4ku2Jl 

,>( 8%) cF^Vj(l%) j*(ACI 10.9.1 )^>Ui JiW Jm-t1 

tUu ^ ^Uia cp-a 4^ ^Vt *J 4^ J . jJ^ii <*UJt 

^ Jbfe^U ^J&J J*»jll f > JLU^ J i^5jL->J > Jj«J Uiit 
^JoiJ^ fj. J£j j& { j r Li*ll ijjSL Usit £Lcj jyt gS^j £Jai*l ^ 

a : .. m j_jjv j y-Jc ^jUw sJjJy) <Uy«j jUaVi i-jii-i f jpm 

^i>-j ji j**Ji jU&»1 g^J ^ yj ^ J j»Vl i> JU yjHi (0.005) 
jjji V J t>> »*J*I M—tffe* *JL->J tW« J 

-(Lap splices) Jtli!U Jl*^ ^> M£ (4%) 
Sj_-g^ (6) j L-i>kJ ;4-tiiJ (4) jc 4 jVJ uLJaS ^tJLV js^ "2 

-{ACI 10.9,2) . ^ Vj> 

Ij| 1 0mm (i3>-^) i^J^ d vw ^A* 1 ^ ~- 

ii^lS 124 (^I2jwm)t>-p lMJSTj * JJ J (32mm) jWj ^ 
bundled ) > f> ^-i^- 1 ^ J (32mm) t> u^-^ 

.(ACI 7.10.5.1) (bars 
a*-* ^ J r > JLi 0^ ti^a jto f >B V-^f 

^uj^ii j 4i <->J (4) 'Cfi <*>J 



-i«> 04C/7> 10.5.2) JjtVl jSl ^ ^iiL**3i ^jSV J 

. JjU jLi >sij 48 
♦ j>«JJ jiaiJ >_V) ^1 - — * 

- : JA* (ACI7AQ.S3) ip J US 

•^jW ^J^* *Jj*-*rf s^-^ ^LmA i^J ^ -Ijuaj JljIoVl feJJjj J 

(1.11) JS^I . J ^ j£ & iiL-S ( 150mm ) 

j-s. -v>tf j (25mm)u& t^jj- 1 ^ S*U<J **U**U <J&V j m?-t4 

• (ACI 7. 1 0.4 ) . (300mm) J . >s ij* (48) 6* 
(1.5^) ^ (40mm) o* ^ c^JW jv« ^U-»J 

J-%V J M — H v^JtJ 'U*^ J US . pS J\ iJdtiUI (|) J 

-(ACI 7.6.3) 40mm 

* * j_ jjfi jj^j Aki ojj^ (confinement) ^jjUJ ^«*J <l*J Ia£ YiV^j 

. * j-lill Aa^u ±f jS ^^aij^ 



javjuiM ojjkfl jjLi! ^ v-m J* (ACi 10.9.3) 

A -0.45(^.-1)^ (7.11) 

Q-* J— W ^J**^ 0^ ^ t^-A 6** Lf^kj • >52fl AiSLd 3Uj3UI 

* O^J^* U^*^ lA* J j£^ V^J-^ jjjjLufl uip. U „ JaSL-o! ^*J^JI ijiH 



4 



•OSjfl 3 ^ t^ 4 ** 

CjI ■ 25mm £ J £ 80mm ^iUsM l*>ja ^ Juhupu(s) jti 
J j j-Sb tfi <>j J-V* J-W o 1 -^ M*-! J! ir^y* Oj* 
= 0.65) 1— = 0.7}i-*ij>J iJ—cfU ^ jUJ ^iii, 0*U. uA 



{d c -d b ) jS>« Jd JSj* & (8.1 1) ALUJ ^ - ' 

Li J Jjj tj* j J] IjjL- illjjM UiSJ ^ vUai Midi u} Mw i/^ >* 

. 4JL«ihl ij-*-*^ I Vtj-*, 1 




Plastic Ccnlroid 3.1 1 

J* jj\ g^jt (3.1 I ) jS^j . iU*iJ tsjSj 4iL>ji» Miu&jJ! 

- : ^ L£ * jUJ ,j£^ jjJA JL.13I ^ 



^sfy 




^ 1 

1 -*-0.S5/J 

" T 



(3-11) Ji-i 



P a -C e +C s = Q.95/ZM + AJ y + A' s f y 

M = C c | + A a fy(h - </0 + A' s f y d' 

:. M = OM/^h 2 /2 + ^4,/,, (A - </')+ ^/yrf' = /J,jr 
M 

(9.11) 



A = 



ft 



Lit JH. 

f^lQMpa o& kg (4.11) 4 >* J C 5 ^ 

fy m 4QQMpa 



P a = j}.85 x 30(300 x 600 + 20O 2 ) + 10 * 3 1 4 x 40<)[ 



-3 



P ■ 6866£tf 



£C c x c = 0.85 x 30{ 300 x 600 x 350 + 200 2 x 100 }x 1 0" 6 = lim.SKNjn 

rfj/y^j = 400(2 x 3 14 x 40 + 4 x 3 14 x 240 + 4 x 3 1 4 x 460) x 1 0~ 6 ~ 36 1 J3KN.m 
M = 1708.5 + 361.73= 2070.23KN.m ^j>J* 

x^M IP Q - 2070.73 / 6866 = 0.302m = 302jihii 



(4.11) js-i 

(1.11) JfiJI 



200min 300mm 

d' 



c/' - 40mm 



4—1 



2*20 



200mm 



?0' 'mm 



200mm 



4*20 4*20 



Ljj*-§ ii**Ajl i^pVk f>MAi 
Design of Concentrically Loaded Columns 

$*\^J\ Cjt V x> '~; I j^- 9 * *f*pJ OA j Ljjjh-. J*aJl 1 ■ fie 

•(6 1 I) 5LH**fl k—umA 3>*al - -- ~; 



(1400KN) i 



2,11 Jttg 

. (3%) ^ (I600KN) 
f y =4WMpa * / c ' - lOMpa (} 



A g = 221964m/w 2 «j$ 



F a =UD + 1.6I = 120400)+ 1.6(1600) = 4240A^ 

P u = <2<4P = 0.8 * 0.65 {0 85£ £fe - A^+fyA^ J 

4240x1 000 = 0.8 x 0.65[Q„85 x 30(/^ - 0.034 j ) + 400x 03^ ] 

/. k - MX mm 

4240 x 1 000 - Q + 8 x 0.65 [0.85 x 30(4S0 2 - A# ) + 4004 T , ] 
.\4^ = 6085/n/w 2 

f/« 12y&&Kffl A 5 ^ 1390mm 2 >60»5 mm 1 

f48xtO = 48Gaim 
16x28- 448 wm 
480 jnm 

^10/440/um 



sxiimm 



Use 410 /440mm 




T 



450mm 



i 



d-^j I400KN ^jU^iJ«*li c^A J*ali til ^jjU. ^ jSLi ^« 
i /; =3QMpa(3%) ^— ^ ^ ^ . (1600KN) ^ 

£y = 400jWjm 

P tt » = 0.83 x 0.7[ 0.85 x 30^ -0.03^) + 400x0.03^1 

2 



Aa = 193985 = ^- 
8 4 

D = 500 mm 
4 



D = 497mm 



. ^laji ijr* 4aA-*J* ^ SLliSl Mw/j 

~ : ^ US j J^aJ 4«aL*s 4aJ yV* j 

42-10000 - 0.85 * 0.7(0.85 x 30(196350 - ) + 400^ ] 



A s1 - 5659 /n/n 



= 6160 > 5659 wwt ? 



1 0^28 mm 



„, =0.45^-1)^ 
A g = 196350u7m 2 

* 4 
,-,/jjf =0.0141 




= 1-2. = 0.0141 



4x79 
= 54mm 

0.0141x420 

($) J 

hjy^ 4l»%Jl 3iljKi.it*!! iWfl JiLJl 5.1 1 
Analysis of Reetaitguliir Eccentrically Loaded Columns 

f > |jb l^k «U-u ii^Vli * ^ Lii ^ J>Sta - J 

>U - ,> U> yjffl *Jt*Vl uV ^ sf jj 5 - <1mkj 

Ott (Rigid) 3Ju-U J— UJ jU^I JS^ ^ ^ JiJ% i-ntty cA£*J> 

AjI ^Jfr J ^ Li i jju AjU l*U';J -L»aJl JUatf I ^ >* j^iu l A ifilJ jl «JfAaJ1 jUafyl 

^1 { j^i> X*) tjuJis ^ gr-fti j>**J d^ 

uJ * L-*u g-jJi* ^ cijwsfl ^j3j^ja ojiis 

^li^j ( e = M„fp n ) ^ (e) S*j£^Yj { /J, ) <^ ^ $>*i 

oil.. ^ '1 J_j p^5l !i_Jb ^ ^ 5 Itfi- J-Ua^U ,U*JI lift 

j! jj-*^ u^jirf ^ (A) ^U-J ^.l— j (1) f > jp£ Jj 

(a)j (i) t> ja ^ ^ 



"* 0.0l4|rf r 

25<i<80 




b 



+ 


h > 




**• 


• 


• 



(*-£) 

2 2 y 



ID 



(5.11) JU 

^aiiuwi jua^ij jj^*B-i 



6 



u 



(10.11) 



£ s r H = 600 



c 



(I t il) 



-: ( jM j£>JI Jj* rJ >ll iil) jjill jjl^S ^ } 



ZFy^o P„ = C c + C, - 7' = 0.85/ c ' + - A $ f s (1 2. 1 1 ) 

2 M = o M tt = P n £ = Q - f ) + C, 4 ~ d') + - 

w„ - o~fc#0&c| - ^) + 4/;^ - <*o + - ^) a 3. 1 d 

2 2 2 2 

• jjji !>U-ijVi J" 1 *- ij*3 (J^ jL-oijll 1 j* iaU^^i AjiA ^ *-; 

(Cj) J>U^I jjia. Sj5 je. JJcVl lj* Ail ^ 

(12.11) UiU-B ^ <c) Viii /; t>*m fLU o^j- tfi 
& lip! (13.11) *H**B (c) 41V* (/>,) ujS3 jSli, 

HA-W (/,') « (/*) ^ a*j (c) Jj-^i fk (C) 

ify ) h^> J J^i i}W£^HV*X J Jc{A/„) j (P„) 

• i/y) j< wu* ji^i say (/^ ) ^jjua js j^iWi j 

ftfk <c) u^J* W 1 * tSj 1, iJt - !JmJ 1 j Uj-Ji iLjk, J=J JjiL 

J* <>^- 0' J) VjS>«yJi ^ ^ «3>li JS. »ii (c) M jjj^ SU* jUSj 



^■'1 

J_^i 4^ JJ-a (6.1 1) JL^lv ^ us ( 300x500tum) .i>J js— S jj-t 
V» S-jlLJj (M„) V-VI a-jILJ 1 • ( e = I50nun) s> 

c = 300mm .*. a = 0,85 x 300 - 255wim ^ jj 1 , 



A s - 4^28 




1 
■ 
1 
1 


1 1 1 




1 

1 t 


1 


r 







c c c : 



(6.11) JM 

(4.11) lMS^vu^Ij 



280M/M 



7* = 345tf 



jfj = ^—^-600 Si 480M/W > /j, 
c 

C c = 0,85 ft * J} = 1625.63KW 

/ « = C c + Q - r = 1 625.63 + 431.2-345 - 171 ].S3/iJV 

M„ = 1625.6X025 - 0. 128) + 43 1 .2(0.25 - .06) + +345(0.44 - 0.25) 

.: e = Kf„IP n = 0.2m = 200mm 
(c) sjlo J&t jfc cJ ' V (e) (> jjS) ^ > - a -»(e) * 

,(/>„) 

C = 3 50mm .*. a * 29S*uw J i> ^ 



jfl = I $4Mpa T = 1 89. 73KN 

f' s = 350Mpa C s -431, 2 KN 

C c = 085 f c ,ab m 1899.75AW 

P„ = C c + C , - r n 2 1 4 1 . 22 AW 

Mi = 1899.75(0.25 -0.15) + 431 .2(0.25 - 0.06) + 1 89.73(0.44 - 0.25) 
= 307.95 KN.m e=M„fP„ = UAmm 

P = 214 IKN di*J*< vj^> <> jjfl' ii« .usyi o&*u 

y-Jc ^ ^vLj. uisiSj agij «u ^ us s^i ja» ^ 

.(Balanced Failure} c -, a - t 

uM (5.1 1 ) JS^» i>J [£ u -O.0O3) (jr -^i JUiiyi Jl fct- >il 
£* = 0003 _ 600 

d 0.003 + E y = 600 + # ^ U ^ J^* ~ c b 

6 °0 , J. 

"t'ofrj;* •« 4 "' 

/t - 600 S/ y jii^luJjjulij- 

c 

p n b = c c + c, - t - o.85/;<7A + 4/; - ^ 
=c c (|-|) + c J (|-rf')+r(rf-|) 

(15.11) 



. yjl jfl ^U^l ^jli. 



5.11 JCU 

til (7.11) J£iH ^ j^-IJ (^) ^JljiH aJUJ Vj&j-^Ul JjL. 

/j, " 400A#w , /; = WMpa CiAS 



600 



c, ■ 



600 + 

264 -60 



d - 264 mm 



= 463 > 400 
264 

x!847 = 738.8JEA' = T 



a b = fi\ c = 224 ,4mm 



Use ft = 400 Mpa 



P wA = 0.85 = 0.85 x 30x224 .4 x 300 x 10 1 =1716 .7A3V = C e 

= 1716.7(0.25 - 0.112) + 738.8(G 25 -0.06) + 738 89(0.44 - 25) 
/. =517. 65 KNjh 
517.65 



1716,7 



— = 0.302 mm = 302 mm 



60mm 



r 



300 
mm 



L 



50 Omni 




(7.11) Jli 
(5,11) JfiJl j^^U. 



(Tension Failure ) m 

jj^i oti ( oJ-fto ^ ^ iO"* J*^ <j} s/l )* >e A <jj£ u ^ 

tf-*^ JUifli I ^ iJt* >Jl J-*4 J JA (c) J ja»J1 juu S-sLjj j jm-JI 

(Compression Failure ) Jaii^aTfl - j»r 

{ 0.003) JUi#! jl Umj^ 

Design Strength Calculation l^j^A 4*jli«fl 7, 1 1 

sa-^^J ( 0.7) ^ s^cbU (0.65) U-L- bjfii USj sj^^LI (^) l«S ^ 

^.J yLJ (0,002) u— - f Ji^ JJ*« 4> t*-*^ imJ JUil u^j 

. (4 4) J&^j (7,4) i jffl (#) JUUJl 

■ ^5 



Sa-*5u *LLOJ\ ^ jja^iH Jttl Jil.fi ^h*!* 8 J 1 

The Load -Moment Interaction Diagram 



jUJI <> ^ f^-u-oij Ji^ ^Ui OiljiiH (> ^ ^2 

(€ - o) ,_>— U J-j c> ^ i»t U jUsi f% J^J^aj CA>KU 

= 0) Laic ^1 (A/^) <j *\Mn f > l6« ^SB %UsH 

aifci* jut. ^tsdli* J f uu *KJu J^bSU jLj, (8, 11) jiiii 

^ j^jaaJ jU^J J) J^aJl J*a* tLp. (f = ) Ufe yj£S ^Ij £jJ jU J^il! 

v Jusa 4iU. j. (0,003) jua Jj *ju>J 4^ ^ ^ (/ ) 




(8.11) JUt 
. fcutba jiijali 



j i (0 003) <JU*tf ^ >H j£ 

^ Sjbjii yli Sji iijLa £ j-Jai (0.003) JUiji Jl <iL- >ll 

cabL^t ^JJ ^JjS JjiM ^^-ftfl JUAN ^ 4jL->J ^Jl 

M^-! ^ oij^y -s*±ja J*^ **JJ ^ £J4«*1 ^w; Uk**» 

Hi « d, tftfJ m ^ ts-iJi ^ (pl2 ) J] fcl} & Ji^tj (/ c 'Wi 2 ) 

V"*^' *^V' *-jK-J Aijja-Jl ijiH ay i£xr. JUJ V-j 

^L_ti!l ^(414M/w) J-fl£ (60000/»7) 

Ciijj-^ jL^L ^oj, UjlU^ ^VU ,/uJ .(30M^) ^ <UL 

,(10 j 

uj# v^j 4^jjt^J j C ^L^ s ^bULj SLkuJi i^S'i ^lU cntl t^i -2 

(aPo) tf*^ ^JP* 1 j*j s^ 4 * ^ ^ v" tv*' '^^ "3 
Uij^ y-iskJi' r j>li j^fc i^V tflbj j^i • jfli ^jS3 J V ^ 



. (9 8 ijfl jjfctj J JaLiJ! J^oj c a,, n 

3—^1 &j£3 ^ = 0,002 ) J* # jt— jl^Ji JUi*i jjS Aik JUj fc Lui J'ja -6 
JLja j . jj*L^a i^jjk &dSQ (0.7) j Ujfr® sa^SU (Q.65) ^ ^jU-(^) 
= 9) ^ cu£j da* = 0.005) jL~ ^iaJ Jbdft ^ *fU JL^ ^U-S 

" ; ^ ^-^-v (7,4) sja 

Construction of Load— Moment Interaction Digram 

(6.1 1) *$* ^ LSe A f3 u-jA* rtft -1 

«ilJ-Jj (c> c^) tuis #1 W4fcijV1 rfSai* Jib C <iW, r * (JLa ""2 

-(13.11) ^ (10. 1 1) *VjUJ f I lA-s, Jj 

-(13.11) J! (101 1) oVjU-J fUi&J* 
.(3.1 1 ) ,Ij&lJj (e = Q ) L,j>- J-*Ji jj-idl (i^ ) V L* -4 

^iad- UlSi ,> i» iii JiL (3'2) til jkiU 



WOMB* 

,_i ^iaj* U£j (4^28mm ) uW-A UjjIj jiL- (300 * 500mm) 4b$ 

• v-tfS j> jj*-* Jj* ^ Mm /y = SSOMpa - fa - 2SMpa 



c . = 600 rf - x 440 = 278mm 

'* 600 + /, 600 + 350 „. 

a=0.85^ = 236,3 mm 

f s =600^^ = 600^^=470.5A/jPfl>350 .*./; ^35(H//w 
C 278 

P nfr =0.85/>A = 0.85 x 25x 236.3 x 300x 1 0" 3 = 1 506.4/W= C c 
M rt6 =1506 .4(250- 



^ )xlO~ 3 +2xl232x 3 5Q( 25 0- 60) x 1 -6 = 3 62 .SKNjn 



2 



e b = MnhtPnk = (3625 / 1506.4)x 1000= 240.6mm 



ft, -39980* 



P n = 3229/W 
A*„ a 166.7Ktf.rn 




T 

500 
mm 

1 



PI 



i 

380 
cum 



(iOutm 



h— 300mm— 4 



JW nb =362.5AWjti 



M = l75KNjn 



M 



n 



(9.11) JSJJ 



P H =<S&5f c ah+A s f s -AJ y 

P n = (055x 25xl06x 300+ 1 232x 3 1 2- 1 232x 350) x 1 0~ 3 = 628.93AW 
=[ 0.85x 25x 106x300(250-—) +1232* 3 12x 190+I232x350x 190]xIO 

— 

M n -288KWm 

^?i. x io00 =458 mm 
628-93 



r6 



.-.a = 0.85x500° 425mm 

M 

500 



^d-c 440 - 500 ,„„ 
f s = 600 — -*600 = -72Mpa 



J * c 500 

C c = 0.85 f' c ab = 0.85 x 25 x 425 x 300 x ] ~ 3 - 2709.4 Mpa 
C, - A J, = I232x 72 x I0" 1 - 



C; = ^;/; ■ 1232 x 350 x 10 _:I = 431.2KW 

P n =Q+C J +Ci=3229Ktf 

M„ = C c (h/2 -afl) + C s (hl2-d')-C s {d-h(2) 



M „ = {2709 4(250 425 / 2 ) + 43 1 .2(250 - 60) - 88,7(440 - 250)Jx 1 



-3 



M„ - 166.67 KNm 



e - (166.7/3229) X 1000 = 52mm 
^ - 0.85/; (A g f-A0'* A#f y 

P & = [0.85x25(30Ox50O-4x616) + 4x616x350]x!Q~ 3 -3997.5A7V* 

-: (M & ) ♦Uajjll <!— vi jU*« ^L^.-5 

Jtf (39.4) ibUJI <> 

*, + 2 + 4k 2 

2 

^-6004 

:. C - 66.4mm .*, a = /Jjt = 56 4mm 

/;^60Q— — ~ 57. Uipa 

c 

A ~ c 440 - Mi A 

f s = 600 - — — — x 600 = 509.45 > 350 * fs - fy 

c 440 

56 4 * 
M„ - [0.85 x 25 * 56.4 x 300(440 - — ) 4 ] 232 x 57.5(440 -60)] * 10" 6 



P32 

p= \ A = 0.0093 <p b 
440x300 



M - 0.0093 x 3O0x 440 2 x 350 (! - 0.59 * 0.0093 — ) x ] 0~ 6 * 1 74.5KNm 



. jiuai ^ j 9 .11) j<Liii 

-s»j*frfr f J J4l^ cjUl^ 2 ,8 A 1 

-I* ^ Uis 

. j&uftj i--u.ii jis-syt ^» js&j 

^ .h JlM,*-^. (e) ^u»^Ui]» jjaaJfe/h) 

. (5) Jjkdl ,> V* A/ fl = ibUJ *>W W C$4 US 

7.11 Jl^ 
e = e x = 250 /wwi Uato -\ 



c 




(7.11) JUJ! Jj-J ^10- 



^=4^28 J j /<.'// v =30/400 Jut e = e y = 250m*w Uit- v 

b " 500mm jU y JJit * Jja. J ^1 Cjr = 250 mm - :l 

y = 380/500 = 0.76 

^ ^4x616 = 2464 mm 1 
2464 



500x30(1 



K n =0.36 JJ r - -7 ^ (^5) JSutt 

£„=0J8 ^ r - .8 ^ ( f 7) JiLM o- 

A'„ = J7 ^JaiJl JU*-Yb 



.\0.3 7 



n 



.•.i , m =O.37x3Ox300 x 500xl0" 3 = I665A3V 
hi n =1665x0,25 = 4 16. 25 KNm 



h=300mm ^li (x) Jja - Jj* f >J J ^1 e„ = 250 mm - : M 



?• = 180/300 = 0.6 = 250/300 = 0,83 

P„ = 0. 1 6 x 30 x 300 x 500 x 10" 3 = 720KN 



I 



n 

M n - 720x0 25 ■ ISOKNjn 



. .BJjSB uUli f 1,£3Jb Sjuc^I fg-i^y 3,8.1 1 

^uJ jw-jii ^l* j ^uju jiiih e&*&i £t a*^ 

\ i*j \Q.-Jl j*-biJl Afcl) jUJ -U^J* ^JaLJ^ jUj] Jiii'n .iiLj jJ.AU \\ jLwV 

j j ■ -tft fj^J (A J <aU**A j>aS J^A'hJ ^^Ij ^Uaj Lift jtauVl ^^ja y& 

OW^' ^^j^-^ ^ J*** ^ u j J**- ^ 1 '/ 

(e/h) j tKfi) ijpik 

fa) f£ ji^tLuail^^i^^^W^^ A f#} ^ J «£ 



- e / h 4^<^ v^l -3 

J^wJ 

^1 ^ UjSi o&i <J teU V ^ *oL*. =UiSi oils 13 U*s Jfaj (b) o±j*b M ^5 

* (h) ^ jL OkJ iTjI jJaiJ^ 

l-Dib-D J «/» ^1j-W4B ^j*-^ ^ jn ^joU t^cbd Aj^L - : 



8,11 Jtii 

— c/j>=" J** <*k (550nun K 400mm) i*A j>*c 
r ai^-l . 70mm - oL-^ai jS>. ^ 4S**j / v = 400A#wr < = 3QA//KI 



r 



53 - 2 x 70 
550 



0.75 



e = M u tP a =55«w e/A«0.I 
■ 0.65 J ^jil 



4000x1000 



55Gm.m 




mm 



^70}* — - 

mm 



(0 = 65) 



p g m 0.023 7 - 0.7 ^ ( f 6) ^^lJ ^ 

p g = 0.02 1 r m o.s 7) ^i^sJ o- 

/J^ = 0.022 ^ 4^k. 

^ = 0.022 * 550 * 400 - 4840mm 2 
M uj£ <M {cf < 0.002) J ^ ^Watt ialii a* oft 

. a»j J£i ( 4 428) (8) f iViJ 

-: cjli (^IOwJW ) jttaJal fbuJ li^ji jl -2 J jLVl f ; - - 



[48* 10 = 480mm 
16x28 - UBmm 
400mm 




OfAQQmmcfc) fWuJ 
jjl^Jf JLill j 



9.11 i f Mu 

IMli dJ^ , = 400Mpw i /J ■ 25A//*tf M^*i^i M u =660KN.m 

Jjrffl (3%) w (pj) e^-a* 



600 



£ = - — — = 300 /wot 



- 0.75 OjSj <^ rf' - 75mm » h - 600 mm j^ji^ 



el h = 0.50 



1^ = 0.46^ 
K„ = 0.50 & 
Kn* 0.48 



7 -.7 <i*» (^6) JS-1» <> 
^ -.8 ( f 7) JSJJ <> 
^ -.75 -tiU 



((# = 0.65) A-£ujSs«*I* (s f <0.002) J J* O* Cub 



P. 



2200x10 



* 292mm 



tf?K n h 0.65*30*0.48x600 



b = 400 mm 
A s - 0,03 x 400 x 600 = 7200mm 
4 .«81« > 7200 



'48x10 = 480 
416x36 = 576 



J^Hj (0lO/4OOc /c) 




^10/400(2^1) 



(2800KN) *Ji-L ^ ^5 ^ uU* (4GOmm) jW* *j J** 

c^M \'J -J J^iiSj Mi lkJ . (l35KN.m) f>j 

60m *JL. >il 



e =. M u / P u - 135/2800 -48mm 
e/D = 48/400 = 0.12 



A If ~ 



2800x1000 



= 083 



y~ 280/ 400 
= 0.024 

(<# = 7) 



0,7 x 30 x 400 2 
0.70 

Ji 10) d&il) > 

(jjS (f t < 0.002) £,1 (jr^ J* lli; t> 



A n =3040 > 3016 



= 30t6wm 2 



—■ supM i^i— jjS3 4*lo (g^22mm) ^Ai^J 



/I 



/>5-0.45(-f-l) 



» 280 + 22 + 20 = 322mm 



p s = 0.45(^L - i) x — = 0.0 1 8 



322 



400 



Ji (110 ) li! 



ft 



^ = 4x79 =flfll8 
sd c j(322) 
s = 55 mm 




25<s<80mm 
s - 50mm 



^10/50mwc/c 



O = AQOmm 



Biaxial Bending r»ii^J»*f>J 9,11 



j (M^) ^-jfrl jL-ll QU&Pfb fly ^JJ^- 31 *J» 




Reciprocal load Method _j&-»31 e_UaJ jUj 

jiiaJl ^ lIlu. (Bresler) jU^ ^JUJi J4 <> U j^ks ^ iijjkli »5* 

11 II , 

— ■> + ***** , .07.1 1) 

p p p p \ J 



.( la jr J ^>Jt - Uk. ^xdftn J«J* -/^ 

U 1 U 

Jjkdl l«pUl wLa. L*Jl j ^3 jj^k f > ^ l+^tu; Lift UiJ JJ^ JjS 

-JA (/*„)(> J^jW^ f ) ^ j_^=j o*^ ^^Ji 



( 0.85) j( «jkji a = 0.8 . (arfP a ) ^uj } jd ujss J ^ (^„) 

4_jc jl_^VI j— W L Juitj! Jilj_Jjl ^1 ->•■>.» (/>„ ) ^ 

11-11 

ulS iil (8^28) oU^i ^^(12.11) J5j 



id 



* /<! = 30A/jw y— * Jj—J 1 jLgfg, M^, = 1 SOATMm j A-/^ ^ 90AW .m 

fy =400M/w 

^ 0.65) J -: lM 



e x = — = I50mm 

^ = 8x6 16 = 4928mm 
500-150 



u/A = 0,3 



/I. 



500 



K n = 0,62 = 



= 0.7 



60mnl" 

T 

180/wm 



1 



* x = 1 50 mm 



8*f28 



If,.; 



15mm 



75m 'JL 500mm 75ff,ffl , 



(12.11) JS-i 
ji^j J; ...; £±>L. 

(II 11) 



-'- p » "/ig*, -0.62x30x300* 500x10" 3 = 2790JW 
e y = s 75mm <?/A = 025 y = 0.6 

- = P n*o = 0,67 x 30 x 300 x 500 x I0" 3 = 30] 5 KN 

/. - 1 .32 x 30 x 300 x 500 x 1 3 ^ 5940 KN 
lilt 

P n 2790 3015 5940 j* "T^" 

^ w(max) - = 0.8x 0.65 x 5940 * 3089A'# 
0P„ - 0.65 x 1 91 7 = 1 246KN < 30S9KN 

<1 jlulili 4|k. 



Bar Splices in Columns Si*g^il 1^ Jjjjfi 10,11 

^ -^LuJl Jm>j Jjl^laJ jrfl-J 

i»lL jJTja J VI (9,8) ijiill ^ ^ -U«iV1 j*a* J— j 

. (ACI 7.8) * <> iiV 

^ j-liJ ij^Jl JaU qJ% ^ILJ o^^U ^oaJ< & <^L-J a^U3I ^> -i 

j_j 3ju-*i ^^-Sji i >J1 lA* { ACI 7.8, 1 . 1 ) J jSU j 4a- 



j^jjV i j^>-3 ^ ^ > sr - ^iaJ AjttVk >a# (] .5) 

4>-^ ijl >Vl Ji ^ILJ J^JJ ■ lip! cf J 1 J^i 



. Lid aIUJ I^jJ^j 




(9J8 ijii) 

•wyi J-o j3 cA^ku (13.1 1) JsJ^ 



(2000mm 2 ) 4^U«*« pL^j \ i»i jd**« (3O0mm*50O) jUIj j^-ai LI ! 

J** a* . (6$25mm Jyr-Aj (400mm) ^jS-* 2 J 1 

/ y = 400A^ i f c - 30Mpa 

* (60mm) ^ J—j jaJ 



mmmi 



200mm 



200mm 



300mm 



4, =10^25 



fjfc*fli ?nb > P o & >&j (P H ) 

eJ>» 



n 









. .aiciiijbuj 



U*-Jb(3.11) Ji— JI(Af w *P w A_*J) Jj-«J J|^l £lJ UiUJi ^-15.11 

(emlQQhtm) 

asUJlj dtji&J flj&U« (e ■ 100mm) ,jj£ aiU ^ (7.1 1) JUJ J* j&I 6.11 



Ijto-JU irtl ^Jj «h» J«a JkLtJ (C2) ^-11 

( 2QKNfm*)tjj-^ j^j— ail *L-3*f! *jU <atj£j (300mm^ j>»j&j (2.5oi) 
rf r = 60mm $fy m 40QA4pa * ft = SQMpa f*h .J 
1 300nun - W-^ 600mm - ijfrJ ^fcs^l ^Ml j j&Ji 

-150mm - 



03m 



0.3 m 




^-4 



0.3ra 0.1m OJm 

Jaj k-U ifji jja-Jl Jja> tUajl p J&j ^ J J" ll** »^ -j*jJi JoLm 8*11 



1 



1 



• 


• 


• 


• 


# i 


• 


• 


• 



v4j - 8^25™?? 




(Long Columns) AijjJaS! (MR 

iUA* 1,12 

aj> ^ i ^ **** *J O-^) ^ ^ ^ 

a.-^sn j« ^3B j (Slenderness ratio) *$£3> V- 3 J* ™ W 

^ f > j. (1) tf&U (Radius of gyration) j&Q 

l^Uu ojSj (r) tfl ^ V*. (A) j ftW-D 

iii- jj-n c£ <Ju ji* g£t ^ (r) 

aj <> jb iu^i (tW»» ) ^ «M 3 i* 5 * ^ ^ 

r j*J toft o- J» J> W c& H u ^ 

^ <-Jc c>lkjj (3.1 1) *U*J1 (/, ) ^ A^il 
^ Ji>fl U. ^UlJ^^A-^j^^^J (Short column) 

l^fiji *j*> jl*U <J . &Sft f>J Sj^C^> # fi* ^ J 

<-HJ^ 5j _fll l^jaJl V->» **** J* 1 ^ 

,^3*- u^j^ ^ USli ^ -uL^ cU=^V» 



{.Concentrically Loaded Columns H; Ui*** 41^3 Sjuc^I 2.12 

^t_*J) J_J 4 j_ ^jjpJH ^j^xJl r _put ^jj^ J**" £ 

■^J i^j.^ 1 ^wl ^j^-n J«J^ j oaj jia (Euler) Aji 

t- 5 ^ -.(U2) 

/ * — • t> <1jUji juia jLvj 

IU = r 2 



. g Luff I Jii ik. J»U^ajVI •*/ 

. (Sletiderness ratio) V* 1 " 4/ r 
,L_^ x-^UIj (lunged) ^L_j1+ifl ^jj^ j j—J *1U ^ ^jis .y&i ^VjLUi 

-r ^HjJI aLU-JJ 'ifij i— J j^Ujj ^JUII $e$J0 



P. 



x 2 El 



.(2.12) 



. frAU (/j^a-H JjU* J* J JUiH JjUl 

. ij^uji tlja „ua, ;^ui cji^iii u-tbu i - ^ii*si j^jyi j*u- -k 

J— ^-P tj-ii Caau ^juL ^jjl wjLI^I ^ j j**]! J JUB J^kj 



t 




a ^s ii ^ <ii . (i.L2) jua ^-3- ^ t* 

UUt U , SitajU <^ ^ ^ 4St*>H <^*i u 1 * V* J9 
3 , ^ ^ j |_J£ £ L*#S!fl J-** Jiij C buiVL <15*B cl^ Wi* J^ 1 4ft*jJ» V-i 

2jJa ^Pj ;ui» ^ U* jjjMjfci ^> J ^ lMI J ^ 

-: ^ U£L ^ J-iU JjLfl ^3 jli ISA a- J>*** 

i_^Ul\ uijyi ^ ^ LiUi ^ ~ : 5 ***** OjS ^ : Vji 
ai ^ £tt ^ (braced against side sway) 

,±Ji J <^ fb&^i jS jJXJIj *L^a J^Ui-.^j ( shear walls) 
. ca^\ dta> % i> **** ' * Mf* ^ ( > Jjyi aV * 




2.12 



<-JU ^ (I) . ctfU ii^GI JUitt J>Wlj j>«JI gfegji (2.12) jjbStl 

J >UI (I) (^jU, jUill JjUl J Je^j j>«J CjLjI^jJ ^ j^jEft *JU ^ (^) *JUJt 

3 — ft*. (I) AJU jl jjjl jaj iJli ) LUi jl jjjfl Afci AjL J^jji ^jjS /j) 

jjljjijl aJ» (partially res (rained ) U ja. a*- &jSj M*** 1 oliiJl ^4 i jjL 



iWJJJjUj C M (3- 12 > • W *f T 
(/) J> tfJ ^ («) ^ ^(2.12) ✓ 0) «»» C 




!<*<«> 



(-*) 




T 




* = 2 



p. 12) ^ 



■ V JM A <Jj *Jj a j>-cu aAjJU jl A*tj e JJ—J jljjJ * » **"» ■ "jl ^ >J*C^\ jjj 

fcL*fe 4 h> *^ Ijji AJlaJ ALo l* Ijfcj Uj U^ijJI CjLu*J <LJ jj Ljjja. 

(^)'*' (vf AfrAA* Sjj^ Jj-uJ* (JL* » wU ^ CiUuI 

A Life J? *-J »U ^ -J /mi J Ul . ASUJI (/) t> J=£t 

. (GO) J tfjU* jUiil Al> 

J ^1 u_uiJ A^jj ,> jL^VL (^)j (f/2) ij>^=-* JiSi LuA*. ^ 
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